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Introduction
In RAN#88e meeting the work areas of RAN4 R17 non-spectrum related WI/SIs was endorsed in [1]. One of the working area is Rel-17 RF FR1. Before RAN#89E, the email discussion for this working area was triggered and the summary was provided in [2].
There are six topics under discussion in Rel-17 FR1 working area:
· Topic#1: Tx switching enhancement, i.e., enabling Tx switching between 2Tx@carrier#1 and 2Tx@carrier#2 based on SUL and NR uplink CA
· Topic#2: MPR and 2Tx RF requirement/testing enhancement
· Topic#3: Optimizations on power class fall back
· Topic#4: 26dBm HPUE for TDD intra-band contiguous UL CA
This documents provide the potential objectives or open issues for each topic.
The brief summary and recommendation after intermediate round discussion
· Down-select the areas: 
· Topic #1, Topic #2 and Topic #4 are selected for the scope of FR1 RF enhancement WID
· For Topic #1, companies agree to take Objective #1-1
· Take Objective #1-1 (enable UL MIMO for SUL bands) into WID
· Support: 6 companies
· Concerns: 0 companies
· FFS on Note: the corresponding RF requirements can apply to all bands supporting SUL feature (Apple)
· For Objective #1-2 and #1-3, there is no explicit objection. But 3 companies out of 10 companies who made comments during the intermediate round proposed further down-scoping. As response, CTC, CMCC, Ericsson, and ZTE proposed or supported simplify the scenarios. We would like to check with this simplification, the companies are OK to accept all the objectives.
· Objective #1-2: Tx switching between carrier#1 and carrier#2
· Objective #1-3: Tx switching between 1Tx/2Tx@carrier#1 and 2Tx@carrier#2 with contiguous uplink CA
· For Topic #2, down-selection is needed (total 14 companies commented during intermediate round)
· Objective #2-1 (support 5, concerns 3)
· Investigate and specify MPR enhancement for power class 3 TDD intra-band contiguous and non-contiguous UL CA
· Contiguous CA: MPR enhancement for dual PA architecture when aggregated channel bandwidth >100MHz
· Note: it does not mean mandating dual PA for contiguous CA with MPR enhanced
· Non-contiguous CA: study whether Rel-16 MPR definition can be reused for single PA architecture
· If not, define MPR requirements for single PA architecture
· Objective #2-2 (support 7, concerns 1)
· Enhance the 2Tx RF requirements
· Investigated and if needed introduce per layer EVM requirements for UL-MIMO
· Objective #2-3 (support 6, concerns 5)
· Objective #2-4 (support 2, concerns 3)
· For Topic #4: all the companies support the objective
· Take Objective 4-1 (HPUE for TDD intra-band contiguous UL CA) into WID.
· The following objective is agreeable:
· HPUE for TDD intra-band contiguous UL CA
· Take n41 and n78 intra-band contiguous UL CA for an example band
· Investigate and specify the 26dBm power class for n41and n78 intra-band contiguous UL CA
· Identify the impact of different UE architectures on the requirements
·  Power class Relation between single CC and intra-band contiguous CA on HPUE band is clarified if any
· Specify the mechanism to meet SAR requirements if necessary
· Mechanism for HPUE on single carrier can be a start point considering the same UL-DL configuration assumption
· A-MPR requirement
· Specify MPR requirements
· List the CA configurations for example bands in the WID
Topic #1: Tx switching enhancement
Proposed objectives
Objective #1-1: enable UL MIMO for SUL bands
· Enable UL MIMO configuration for SUL band combinations
· Specify UL MIMO requirements for example SUL configurations with SUL band n80, n84 and n95
· SUL_n41A-n80A, SUL_n78A-n84A, and SUL_n79A-n95A
· Remove the RAN2 and RAN4 restriction on UL MIMO configuration for SUL band combinations
Objective #1-2: Tx switching between carrier#1 and carrier#2
· Specify UE requirements to enable Tx switching between 2Tx@carrier#1 and 2Tx@carrier#2 based on SUL and NR uplink CA for UE supporting maximum two concurrent transmission, and Tx switching between 1Tx@carrier#1 and 1Tx@carrier#2 based SUL and NR uplink CA for UE supporting single antenna transmission at any given time 
· Specify RAN4 requirement for UL Tx switching between 2Tx@carrier#1 and 2Tx@carrier#2
· Length of switching period
· Time mask RF requirements
· Uplink interruption and downlink interruption (RRM) requirements, if needed
· Specify RAN4 requirement for UL Tx switching between 1Tx@carrier#1 and 1Tx@carrier#2
· Length of switching period
· Time mask RF requirements
· Uplink interruption and downlink interruption (RRM) requirements, if needed
· Minimize the impacts on RAN1
· Update RAN1 uplink switching for carrier aggregation and supplementary uplink to accommodate the new switching cases
· Minimize the impacts on RAN2
· Update the RRC signaling to indicate the switching period location and switching period length
· Update the UE capabilities
Note 1:  Only addressing the case of co-located and synchronized network deployment for the two UL carriers.
Note 2:  Only addressing the case of single TAG for the two UL carriers for SUL and for UL CA.
Note 3:  The UE is configured with two different uplink carrier frequencies.
Objective #1-3: Tx switching between 1Tx/2Tx@carrier#1 and 2Tx@carrier#2 with contiguous uplink CA
1. Specify UE requirements to enable Tx switching between 1 carrier in band A and 2 contiguous carriers in band B based on NR uplink CA and SUL, for UE supporting maximum two concurrent transmission
2. Specify RAN4 requirement for UL Tx switching between 1Tx@band#A and 2Tx@band#B, and UL Tx switching between 2Tx@band#A and 2Tx@band#B
2. Length of switching period
2. Time mask RF requirements
2. Uplink interruption and downlink interruption (RRM) requirements, if needed
2. Minimize the impacts on RAN1
2. Update RAN1 uplink switching for carrier aggregation and supplementary uplink to accommodate the new switching cases
2. Minimize the impacts on RAN2
2. Update the RRC signaling to indicate the switching period location and switching period length
2. Update the UE capabilities
Note 1:  Only addressing the case of co-located and synchronized network deployment for the two UL carriers.
Note 2:  Only addressing the case of single TAG for the two UL carriers for SUL and for UL CA.
Note 3:  The UE is configured with two different uplink carrier frequencies.
Initial round
Open issues
Please check if the above modified objectives are acceptable. 
Objective 1-3 was added during the email discussion before RAN#89E.
Companies views’ collection
	Company
	Comments

	Ericsson
	Objective #1-1: enable UL MIMO for SUL bands
Ericsson: The recommendation from the pre-meeting discussion was to do this as a basket. Also there is a separate discussion thread on CRs to introduce this.
Objective #1-2: Tx switching between carrier#1 and carrier#2
Ericsson: Objectives are generally OK, but why has the 1TX-1TX been added?
Objective #1-3: Tx switching between 1Tx/2Tx@carrier#1 and 2Tx@carrier#2 with contiguous uplink CA 
Ericsson: Objectives are generally OK. For SUL, it appears to be SUL + (CA on NUL). Does this have some impact in RAN2 specifications? If so suggest a bullet for RAN2.

	ZTE
	Objective #1-2: Tx switching between carrier#1 and carrier#2
Our online comments on the missing part “1Tx@carrier #1 + 1Tx@Carrier#2” seems not correctly reflected, so we suggest the following wording for this objective:
· Specify UE requirements for UE supporting maximum two concurrent transmission to enable Tx switching between two cases, i.e., 2Tx@carrier#1 and 2Tx@carrier#2 for SUL, and Tx switching between three cases, i.e., 2Tx@carrier#1, 2Tx@carrier#2, 1Tx@carrier#1 plus simultaneous 1Tx@carrier#2 for NR uplink CA
· Specify RAN4 requirement for UL Tx switching between 2Tx@carrier#1 and 2Tx@carrier#2
· Length of switching period
· Time mask RF requirements
· Uplink interruption and downlink interruption (RRM) requirements, if needed
· Specify RAN4 requirement for UL Tx switching between 2Tx of a single carrier and simultaneous single Tx of both carriers
· Length of switching period
· Time mask RF requirements
· Uplink interruption and downlink interruption (RRM) requirements, if needed
Objective #1-3: Tx switching between 1Tx/2Tx@carrier#1 and 2Tx@carrier#2 with contiguous uplink CA
The objective description seems not clear. Here “1Tx/2Tx@carrier#1 and 2Tx@carrier#2” should be “1Tx/2Tx@carrier(s) for band #1 and 2Tx@carrier(s) for band#2”? We are open to conduct further study on this demand.

	Qualcomm
	1-1.  Is this already included in thread [13]?  Suggest to identify a single example band for SUL UL MIMO for the purpose of this WI if needed. 
1-2.  Support
1-3.  Support

	CMCC
	Objective #1-1: enable UL MIMO for SUL bands
To Ericsson: We don’t think basket is a good approach. In previous RAN4 discussion, CR is used to introduce UL-MIMO for additional bands. 
To Qualcomm/Ericsson: Yes, there is another email thread to discuss the CRs on introducing UL-MIMO for SUL bands. We can consider the outcome. If the CRs are agreed, we can remove this objective; if the CRs are not agreed, we should include this objective in Rel-17 FR RF WI.
To Qualcomm: On the example band, actually the time mask requirements for Tx UL switching are band agnostic. If we only identify one band in this WI, how to treat the other bands is not clear. In Rel-16 Tx UL switching, we don’t have any example bands. The main reason to add example band is that companies would like to understand what bands are interested by operators based on our understanding. 
So we prefer to just list the example bands for information, and add a note that: the RF requirements can apply to all bands supporting this feature.
Objective #1-2: Tx switching between carrier#1 and carrier#2
We support this objective.
I think ZTE’s online comments are related to the option 2 in Rel-16 CA Tx UL switching.  We also provide this in our contribution (RP-201628).  
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P

	Case 3
	2T+0T
	2P+0P,1P+0P



Objective #1-3: Tx switching between 1Tx/2Tx@carrier#1 and 2Tx@carrier#2 with contiguous uplink CA 
Ericsson: Objectives are generally OK. For SUL, it appears to be SUL + (CA on NUL). Does this have some impact in RAN2 specifications ? If so suggest a bullet for RAN2.

	T-Mobile USA
	1-2.	Support
1-3.	Support

	China Telecom
	1-2.	Support
Regarding ZTE’s comment on the 1Tx+1Tx case, we are also ok to include it for UL CA. The table from CMCC has listed the three cases clearly. Moreover, for uplink CA, we suggest to include both two Tx switching options of option 1 (switched UL) and option 2 (dual UL) specified in Rel-16 for Rel-17. 
1-3.	Support
As mentioned in the email discussion before the meeting, the motivation is that for 2.1/1.8 GHz + 3.5GHz band combination, we have 200MHz or more contiguous spectrum in 3.5GHz. For the purpose of UL Tx switching, the 2 contiguous CCs in the same band can be considered together.
This proposal has been initially discussed in Aug RAN1 meeting for Rel-16, with very limited RAN1 impact expected. Based on our spectrum status, to enable this feature, we would like to finish the whole spec work in RAN4/1/2 in Rel-17.

	vivo
	1-2.	Support
1-3.	Support

	Xiaomi
	1-2.	Support
1-3.	Support

	Intel
	Objective #1-1: There is another discussion thread [13] to address the issue. Since this thread [19] will only focus on RF aspect, we think it is better and make sense to consolidate the discussion under the thread [13] where all general aspects and cross WGs discussions are going to happen.
Objective #1-2: Support
Objective #1-3: Support

	Apple
	Objective #1-1: enable UL MIMO for SUL bands
We propose to take one example band and define the corresponding requirements to complete the objective of the WI. The rest of interested SUL bands and the requirements are introduced in a basket WI approach (following at least a 1 quarter delay from the start of the feature discussion).
Objective #1-2: Tx switching between carrier#1 and carrier#2
We agree with Ericsson and ZTE that the carrier switching scenarios need to be clearly defined. Is there a need to consider (1Tx + 1Tx) to 2Tx again which looks to be a duplication from Rel-16?
Objective #1-3: Tx switching between 1Tx/2Tx@carrier#1 and 2Tx@carrier#2 with contiguous uplink CA
The objective is not clear to us. Is contiguous UL CA between carrier #1 and carrier #2, or within carrier #1 and carrier #2 itself, and carrier #1 and carrier #2 are in different bands? Also does 2Tx in each carrier mean contiguous CA using separate Tx for each CC or UL MIMO for 2 CCs?

	Samsung
	Objective 1-1: We agreed with CMCC that whether to add objective 1-1 is pending on Rel-16 CR discussion. However, considering the late change on REl-16. We prefer to include such objective in REl-17 with one selected example band
Objective 1-2 and 1-3: Support 

	OPPO
	Objective #1-1: enable UL MIMO for SUL bands
Ok to introduce UL MIMO for SUL bands in Rel-17. This can be further combined with the Objective #1-2 due to the 2 Tx chain restriction.
Objective #1-2: Tx switching between carrier#1 and carrier#2
The scenario looks confusing, it seems the switching scenarios should be as below.
· 2Tx@carrier#1 <-> 2Tx@carrier#2
· 2Tx@carrier#1 <-> 1Tx@carrier#1+1Tx@carrier#2
Objective #1-3: Tx switching between 1Tx/2Tx@carrier#1 and 2Tx@carrier#2 with contiguous uplink CA
The scenario looks confusing, not clear on which carrier (SUL or normal band) there will be UL CA? And what is the RAN4 spec difference comparing to Objective#1-2, reuse the time mask?

	MTK
	Objective #1-2: Tx switching between carrier#1 and carrier#2
Support.
Need to further study whether the feature is applied as CA if before and after switch, there’s no simultaneous UL on both carrier 1 and carrier 2.
To ZTE, in our view, 1TX on carrier 1 + 1TX on carrier 2 as UL CA has been included in Rel-16 TX switching as option 2.

	LGE
	Objective #1-1: enable UL MIMO for SUL bands
It should be discuss which frequency can support the UL-MIMO for S-UL band. Our understanding is least 2GHz frequency should be considered for UL-MIMO of S-UL band.
Objective #1-2: Tx switching between carrier#1 and carrier#2
Still confuse the use case maybe it will applied to SUL and CA or UL-MIMIO and CA? and the # of Tx antenna per carrier or per band? We need more clear operating scenarios.
Objective #1-3: Tx switching between 1Tx/2Tx@carrier#1 and 2Tx@carrier#2 with contiguous uplink CA
Based on comment from China Telecom, I understand for the usecase for #1-3.

	Huawei
	Objective #1-1 enable UL MIMO for SUL bands
To Ericsson: 
it is OK to introduce UL MIMO for new bands either by a separate basket WI or via a CR as RAN4 agreed on CR to introduce UL MIMO for other FDD/TDD bands previously. But there is a band agnostic issue that there is a restriction that UL MIMO configuration can be applied to SUL bands in both RAN2 and RAN4 specifications. Thus other companies request to first enable UL MIMO for SUL band and then remove the restriction. In order to avoid the deadlock, following other companies like Intel… suggestions, we should define UL MIMO for some SUL bands and then based on that agreement to remove the general restriction of UL MIMO configuration for SUL bands.
To Qualcomm:
Yes, the CRs of UL MIMO for SUL are under discussion in the other email thread. If CRs were agreed, we could focus on removing restriction in RAN2 and RAN4 specifications rather defining corresponding UL MIMO requirement for SUL bands. 
On the other hand, we can take the suggestion to use example bands. But pragmatically, it seems more efficient to include the required SUL bands rather than only one in this WID, if needed.
To Intel:
Yes, there is another email thread. We can consolidate the thread [13]. Hopefully the CRs can be approved. Thus we can save efforts in RAN4.
To Apple:
We are OK to follow the suggestion taking example band(s). On the other hand, we also see the request from operators. Maybe including more SUL bands seems more efficient way to progress.
To LGE:
The UL MIMO will be specified band by band. In our understanding, the proposed SUL band is aligned with the existing band which supports UL MIMO. 
Objective #1-2 Tx switching between carrier #1 and carrier #2
To Ericsson: 
1Tx-1Tx switching is proposed by ZTE. In our view, it would be also useful if we consider the UE which can only support 1Tx all the time. But it seems that ZTE has different views on my revision. So we can have further discussion.
To ZTE:
OK. Understood what you mean. Generally we would be OK. But some re-wording may be needed.
To CMCC:
Many thanks. We are fine with your proposed approach, which could make the use case more clear.
To Apple:
In my understanding, the switching between three cases can cover Rel-16 switching, but not the other way around. Although we are conservative for switching between three cases for UL CA, we think it is different from Rel-16 switching between two cases.
To Samsung:
Same response as for other companies.
To Mediatek:
We can have further discussion on CA case in WI phase.
To LGE:
The whole feature is limited to case where UE only has two concurrent transmitter. For example, operator has one 2GHz FDD/SUL band with 20MHz bandwidth and 3GHz TDD band with 100MHz channel bandwidth. There is not always available uplink slot on TDD band. When the uplink slot on TDD band is not available then UE will switch to 2GHz band with 2Tx UL MIMO, while when the uplink slot on TDD band is available UE will switch to 3GHz TDD for uplink transmissions. In that way, we put the limited uplink RF chains and power on the proper uplink resources more efficiently. Thus the uplink throughput could be expected to improve. 
Objective #1-3: Tx switching between 1Tx/2Tx@carrier#1 and 2Tx@carrier#2 with contiguous uplink CA
To Ericsson: 
In our view, UE can follow the scheduling on DL CC#1 associated with SUL and DL CC#2 associated with the third NUL CC separately. In our view, there seems less impact on RAN2. But we are open to add a sub-bullet for RAN2.
To ZTE:
We can work further to make it clear.
To Apple:
It is proposal from operators rather us. But we would like to share our view. For example, there are two NR bands A and B. On Band A the single CC is configured, while on Band B the contiguous CA is configured. We are talking about the Tx switching between 1Tx@CC of band A and 2Tx@ 2 contiguous CCs of band B. In our understanding, 2Tx UL MIMO is configured on those 2 contiguous CC.
To OPPO:
Similar response as for Apple. In our view, the RAN4 existing time mask requirement can be resued.

	Nokia
	1-1. The objective depends on the outcome of thread [13].
As commented in the thread [13], it is too late to introduce UL MIMO for SUL in Rel-16 and furthermore, the Rel-16 proposal or CRs were not even proposed and discussed in RAN WGs. Therefore, the Rel-16 CRs should not be agreed. Thus, UL MIMO for SUL could be considered as one of the Rel-17 NR FR1 RF WID objectives.
Clarification on the following text specifically “based on” is helpful just in case.
“Tx switching between 2Tx@carrier#1 and 2Tx@carrier#2 based on SUL and NR uplink CA”
Carrier 1 is for SUL band and Carreir 2 is for a normal operating band(not SUL) with UL CA?

	CHTTL
	Supportive



Summary and recommendation for further discussion
In this section, the summary of comments on Topic#1 and the corresponding recommendations are provided.
	
	Summary and recommendation

	Objective 1-1
	In the initial round, 9 companies provided the feedback. Among them, 4 companies supported it and no company opposed it. 6 companies had the similar comment. 
The main comment is that this objective is related to email thread [13] and companies prefer to consolidate [13]. Among companies who made comments, they prefer to take an example band for the objective and have a separate basket WID for introduction of more bands to support UL MIMO. And the responses were provided from proponents.
To address the comment, the tentative solution is proposed by CMCC:
· List the example bands for information and add note that the RF requirements can apply to all bands supporting SUL feature.

	Objective 1-2
	In the initial round, 17 companies provided the feedback. Among them, 13 companies supported it and no company opposed it. 6 companies asked for clarification on the relevant scenarios.
To address the comment, the tentative solution provided by CMCC [RP-201628]/ZTE is to capture the cases between which Tx switching happens:
· For SUL based Tx switching between 2Tx@carrier#1 and 2Tx@carrier#2, the follow cases are considered
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	0T+2T
	0P+2P, 0P+1P 

	Case 2
	2T+0T
	2P+0P,1P+0P



· For inter-band UL CA based Tx switching, the following cases are considered
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P

	Case 3
	2T+0T
	2P+0P,1P+0P




	Objective 1-3
	In the initial round, 15 companies provided the feedback. Among them, 12 companies supported it and 5 company asked the clarification on the objective.
To address the comment, China Telecom provided the clarification, i.e., the motivation is that for 2.1/1.8 GHz + 3.5GHz band combination, we have 200MHz or more contiguous spectrum in 3.5GHz. For the purpose of UL Tx switching, the 2 contiguous CCs in the same band can be considered together. 



Based on summary above, it is suggested to include this area into WID from moderator perspective. And the updated objective is suggested in Section 1.3.1 for the next round. From moderator perspective, we suggest further discuss and stabilize the objectives 1-1~1-3.
Intermediate round
Open issues
Task#1: stabilize the objectives
Based on the initial round discussion, the following updated objectives are suggested for further discussion in the intermediate round.
Objective #1-1: enable UL MIMO for SUL bands (NOTE: pending on the conclusion in email thread [#13])
· [Enable UL MIMO configuration for SUL band combinations
· Specify UL MIMO requirements for example SUL configurations with SUL band n80
· Take SUL_n41A-n80A as the example SUL band configuration
· Note: the corresponding RF requirements can apply to all bands supporting SUL feature
· Remove the RAN2 and RAN4 restriction on UL MIMO configuration for SUL band combinations]
Objective #1-2: Tx switching between carrier#1 and carrier#2
· Specify UE requirements to enable Tx switching between carrier#1 and carrier#2 for UE supporting maximum two concurrent transmissions based on SUL and NR inter-band uplink CA
· The scenarios include
· For SUL based Tx switching between carrier#1 and carrier#2
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	0T+2T
	0P+2P, 0P+1P 

	Case 2
	2T+0T
	2P+0P,1P+0P


· For inter-band uplink CA based Tx switching between carrier#1 and carrier#2
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P

	Case 3
	2T+0T
	2P+0P,1P+0P


· Specify RAN4 requirement for UL Tx switching between carrier#1 and carrier#2 for the above scenarios
· Length of switching period
· Time mask RF requirements
· Uplink interruption and downlink interruption (RRM) requirements, if needed
· Minimize the impacts on RAN1
· Update RAN1 uplink switching for carrier aggregation and supplementary uplink to accommodate the new switching cases
· Minimize the impacts on RAN2
· Update the RRC signaling to indicate the switching period location and switching period length
· Update the UE capabilities
Note 1:  Only addressing the case of co-located and synchronized network deployment for the two UL carriers.
Note 2:  Only addressing the case of single TAG for the two UL carriers for SUL and for UL CA.
Note 3:  The UE is configured with two different uplink carrier frequencies.
Objective #1-3: Tx switching between 1Tx/2Tx@carrier#1 and 2Tx@carrier#2 with contiguous uplink CA
1. Specify UE requirements to enable Tx switching between 1 carrier in band A and 2 contiguous aggregated carriers in band B based on SUL and NR inter-band uplink CA for UE supporting maximum two concurrent transmission, [where Band A is for SUL and Band B is a non-SUL operating band]
2. The scenarios include
· For SUL based Tx switching between carrier#1 and carrier#2, where there are two contiguously aggregated CCs on band B
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (carrier 1@band A + (carrier 2+carrier 3)@band B)

	Case 1
	1T+1T
	1P+(0P+0P)

	Case 2
	0T+2T
	0P+(2P+xP),0P+(1P+xP), x=0, 1, 2


and
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (carrier 1@band A + (carrier 2+carrier 3)@band B)

	Case 1
	0T+2T
	0P+(2P+xP), 0P+(1P+xP), x=0,1,2 

	Case 2
	2T+0T
	2P+(0P+0P),1P+(0P+0P)


· For inter-band uplink CA based Tx switching between carrier#1 and carrier#2
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (carrier 1@band A + (carrier 2+carrier 3)@band B)

	Case 1
	1T+1T
	1P+(0P+0P)

	Case 2
	0T+2T
	0P+(2P+xP),0P+(1P+xP), y=0, 1, 2


and
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (carrier 1@band A + (carrier 2+carrier 3)@band B)

	Case 1
	1T+1T
	1P+(0P+xP), 1P+(1P+xP), 0P+(1P+xP), x=0, 1

	Case 2
	0T+2T
	0P+(2P+yP),0P+(1P+yP), y=0, 1, 2


and
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (carrier 1@band A + (carrier 2+carrier 3)@band B)

	Case 1
	1T+1T
	1P+(0P+xP), 1P+(1P+xP), 0P+(1P+xP), x=0, 1

	Case 2
	0T+2T
	0P+(2P+yP), 0P+(1P+yP), y=0, 1, 2

	Case 3
	2T+0T
	2P+(0P+0P),1P+(0P+0P)


2. Specify RAN4 requirement for UL Tx switching on carriers between band A and band B
2. Length of switching period
2. Time mask RF requirements
2. Uplink interruption and downlink interruption (RRM) requirements, if needed
2. Minimize the impacts on RAN1
2. Update RAN1 uplink switching for carrier aggregation and supplementary uplink to accommodate the new switching cases
2. Minimize the impacts on RAN2
2. Update the RRC signalling to indicate the switching period location and switching period length
2. Update the UE capabilities
Note 1:  Only addressing the case of co-located and synchronized network deployment for the two UL carriers.
Note 2:  Only addressing the case of single TAG for the two UL carriers for SUL and for UL CA.
Note 3:  The UE is configured with two different uplink carrier frequencies.
Companies views’ collection
	Company
	Comments

	LGE
	Support #1-1 Objectives for UL-MIMO in SUL-band. But need to discuss how RAN4 can scope down in the objectives in #1-2 and #1-3. 

	China Telecom
	Firstly, we suggest to update the objective 1-2 and 1-3 as follows (the changes on top of moderator’s proposal are tracked, and some comments are added to explain these changes ):
Objective #1-2: Tx switching between carrier#1 and carrier#2
· Specify UE requirements to enable Tx switching between carrier#1 and carrier#2 for UE supporting maximum two concurrent transmissions based on SUL and NR inter-band uplink CA
· The scenarios include
· For inter-band SUL and uplink CA based Tx switching between carrier#1 and carrier#2	Comment by Shan YANG: In Rel-16, for uplink CA, two Tx switching options of option 1 (switched UL) and option 2 (dual UL) are specified. We suggest to include both options in Rel-17 as well. So, this table corresponding to option 1 (switched UL) is also needed for uplink CA. 
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	

	Case 1
	0T+2T
	

	Case 2
	2T+0T
	


· For inter-band uplink CA based Tx switching between carrier#1 and carrier#2
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	

	
	
	

	Case 1
	0T+2T
	

	Case 2
	2T+0T
	

	Case 3	Comment by Shan YANG: Number ing 1T+1T as case 3, so as to keep the same case 1 and case 2 in this table an d the previous table. 
	1T+1T
	


Note: the “Tx” means Tx chain but not active Tx with UL transmission.	Comment by Shan YANG: One note is added based on the agreement in R4-1913041 in Rel-16 1Tx-2Tx switching discussion. 

· Specify RAN4 requirement for UL Tx switching between carrier#1 and carrier#2 for the above scenarios
· Length of switching period
· Time mask RF requirements
· Uplink interruption and downlink interruption (RRM) requirements, if needed
· Minimize the impacts on RAN1
· Update RAN1 uplink switching for carrier aggregation and supplementary uplink to accommodate the new switching cases
· Minimize the impacts on RAN2
· Update the RRC signaling to indicate the switching period location and switching period length
· Update the UE capabilities
Note 1:  Only addressing the case of co-located and synchronized network deployment for the two UL carriers.
Note 2:  Only addressing the case of single TAG for the two UL carriers for SUL and for UL CA.
Note 3:  The UE is configured with two different uplink carrier frequencies.
Objective #1-3: Tx switching between 1Tx/2Tx@carrier#1 and 2Tx@carrier#2+3 with contiguous uplink CA
1. Specify UE requirements to enable Tx switching between 1 carrier in band A and 2 contiguous aggregated carriers in band B based on SUL and NR inter-band uplink CA for UE supporting maximum two concurrent transmission, [where Band A is for SUL and Band B is a non-SUL operating band]
2. The scenarios include	Comment by Shan YANG: Ok with the scenario, and similar editorial change is made as that for objective 1-2.
· For SUL and uplink CA based Tx switching between band A and band B, where there are two contiguously aggregated CCs on band B
	 
	Number of Tx chains in WID (band A + band B)
	

	Case 1
	1T+1T
	

	Case 2
	0T+2T
	


and
	 
	Number of Tx chains in WID (band A + band B)
	

	Case 1
	0T+2T
	

	Case 2
	2T+0T
	


· For inter-band uplink CA based Tx switching between band A and band B, where there are two contiguously aggregated CCs on band B

	 
	Number of Tx chains in WID (band A + band B)
	

	
	
	

	Case 1
	0T+2T
	

	Case 2
	2T+0T
	

	Case 3
	1T+1T
	


Note: the “Tx” means Tx chain but not active Tx with UL transmission.
2. Specify RAN4 requirement for UL Tx switching on carriers between band A and band B
2. Length of switching period
2. Time mask RF requirements
2. Uplink interruption and downlink interruption (RRM) requirements, if needed
2. Minimize the impacts on RAN1
2. Update RAN1 uplink switching for carrier aggregation and supplementary uplink to accommodate the new switching cases
2. Minimize the impacts on RAN2
2. Update the RRC signalling to indicate the switching period location and switching period length
2. Update the UE capabilities
Note 1:  Only addressing the case of co-located and synchronized network deployment for the two UL carriers.
Note 2:  Only addressing the case of single TAG for the two UL carriers for SUL and for UL CA.
Note 3:  The UE is configured with two different uplink carrier frequencies.
Secondly, regarding the LGE’s comment on the selection of objective 1-2 and 1-3, we would hope to keep the two objectives, since both of them are enhancement/extension of Rel-16 feature with marginal spec impact.
Actually, the Rel-16 agreements on UL switching time, DL interruption as well as the CR structure can be used as the starting point. 

	OPPO
	1. To aovid different understanding on the switching scenarios, it might be clearer to say swithcing between case1/2/3, rather than switching between carrier1/2/3 even we understand finnaly it is carrier switch in RAN1/2.
2. Regarding the detailed switching cases especially antenna port, it is detailed, however, not all the antenna port configurations will impact the RAN4 requirements. 
a) One example is as below, in case1 there is 0P+1P, and in case2 there is also 0P+1P, then no change between case1 and case2.
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P

	Case 3
	2T+0T
	2P+0P,1P+0P


b) Another example is as below, in case1 there is 0P+1P+xP, and in case2 there is also 0P+1P+yP, even the x and y might be different, there is no RAN4 requirement impact.
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (carrier 1@band A + (carrier 2+carrier 3)@band B)

	Case 1
	1T+1T
	1P+(0P+xP), 1P+(1P+xP), 0P+(1P+xP), x=0, 1

	Case 2
	0T+2T
	0P+(2P+yP),0P+(1P+yP), y=0, 1, 2


Therefore, to make things simple and clear, it is suggested to only include the cases and configurations that have RAN4 impact, and the discussions can be more focus.


	Apple
	Objective #1-1: enable UL MIMO for SUL bands
We are not sure if the following note is always true as different combinations may have different power classes for each carrier.
Note: the corresponding RF requirements can apply to all bands supporting SUL feature
Objective #1-2: Tx switching between carrier#1 and carrier#2
Thanks for the efforts on clarifying the potential possible switching scenarios. Can the proponent further clarify if the following interpretation is correct or not?
1Tx/1P: normal single layer UL transmission
2Tx/2P: UL MIMO transmission
2Tx/1P: Tx diversity
(1/2)Tx/0P: no UL tranmission on this carrier
Also should the switching between carrier 1 and carrier 2 or between cases?
If they are between cases, we are not sure if all the swtiching scenarios need to be considered, for example, in the inter-band UL CA cases, do we need to consider 0P+1P to 0P+1P between case 1 and case 2?
We think the switching scenarios need to be down-scoped.
Objective #1-3: Tx switching between 1Tx/2Tx@carrier#1 and 2Tx@carrier#2 with contiguous uplink CA
The switching scenarios are too complicated to be comprehended. We think they need to be down-scoped.

	CMCC
	Objective #1-1:
To Apple: on the note, RF requirements means time mask requirements for Tx switching.
Since the conclusion of email thread [13] is to take UL-MIMO for SUL as one of the Rel-17 NR FR1 RF WID objectives, we can remove the note and square brackets of objective#1-1.
Objective#1-2:
From RAN4 perspective, we may not need to consider the different ports combinations, we only care switching of Tx. China Telecom’s modification on objective 1-2 is OK for us, which are also aligned with Rel-16 Tx switching objectives

	Ericsson
	The number of combinations of TX chains/ports is indeed rather large. We agree with the China Telecom revisions and then in RAN4 the supported port combinations can be discussed in RAN4.

	Intel
	Support all three objectives

	ZTE
	We agree with China Telecom’s revisions, more concisely and clearly.

	China Telecom2
	Replies to OPPO and Apple’s questions on the switching scenario:
On switching between cases or carriers:
It would be ok to say either switching between different cases or carriers. If we keep the wording to say switching between carriers, it means 1 or 2 Tx chain is switched between carriers. 

On Tx chain and antenna port:
Regarding the mapping of Tx chain and antenna port, as we commented earlier, we suggest to leave the discussion during the WI phase, which is the same approach used for Rel-16 1Tx-2Tx switching. In Rel-16 FR1 WID,  the following two cases are listed:
Case 1 	1 Tx on carrier 1 and 1 Tx on carrier 2
Case 2 	0 Tx on carrier 1 and 2 Tx on carrier 2
Then in the RAN4 agreed CR, it is defined that: 
The UE shall support the switch between single layer transmission with one antenna port and two-layer transmission with two antenna ports on the two uplink carriers following the scheduling commands and rank adaptation, i.e., both single layer and two-layer transmission with 2 antenna ports, and single layer transmission with 1 antenna port shall be supported on NR UL carrier 2.
In addition, 2Tx/1P does not imply Tx diversity, since following the Rel-16 agreement,“Tx” means Tx chain but not active Tx with UL transmission. 

	MTK
	Agree with E/// that the scope is expanding and getting really large. This implies higher and higher workload in RAN4. We suggest to work on important and critical scenarios. It is better to downscope in the beginning of the WI rather than in the end of the WI to avoid wasting the TU.



Summary and recommendation for further discussion
In this section, the summary of comments on Topic#1 and the corresponding recommendations are provided.
	
	Summary and recommendation

	Objective 1-1
	Take Objective #1-1 into WID

	Objective 1-2
	3 companies suggested to further down-select the objectives between 1-2 and 1-3.
As response, CTC, CMCC, Ericsson, and ZTE proposed or supported simplify the scenarios. We would like to check with this simplification, the companies are OK to accept all the objectives.

	Objective 1-3
	3 companies suggested to further down-select the objectives between 1-2 and 1-3.
As response, CTC, CMCC, Ericsson, and ZTE proposed or supported simplify the scenarios. We would like to check with this simplification, the companies are OK to accept all the objectives.



Fine-tuning round
Open issues

Companies views’ collection
	Company
	Comments

	
	

	
	

	
	



Summary and recommendation for further discussion
In this section, the summary of comments on Topic#1 and the corresponding recommendations are provided.
	
	Summary and recommendation

	
	

	
	

	
	



Final comments

Topic #2: MPR and 2Tx RF requirement/testing enhancement
Proposed objectives
Objective #2-1: MPR
· MPR enhancement for power class 3 TDD intra-band contiguous and non-contiguous UL CA
· Contiguous CA: MPR enhancement for dual PA architecture when aggregated channel bandwidth >100MHz
· Non-contiguous CA: study whether Rel-16 MPR definition can be reused for single PA architecture
· If not, define MPR requirements for single PA architecture
Objective #2-2: Per layer EVM requirement 
· Enhance the 2Tx RF requirements
· Introduce per layer EVM requirements for UL-MIMO
Objective #2-3: Impact of power imbalance between Tx antennas
· Investigate the impact of power imbalance between Tx antennas for UL MIMO and enhance the RF requirements, including MOP, and test method
Objective #2-4: Test method for verify RIMD impacts
· Investigate impact of RIMD on MPR, and enhance 2Tx RF measurement for UL CA and EN-DC testing
· 2Tx Antenna isolation assumption for RF requirement measurement: 10dB
· Study the measurement method enhancement: e.g. how to injecting interference into the antenna connector
Initial round
Open issues
There are clarifications of motivation for each objective
Objective 2-1: The existing MPR requirement for contiguous CA is specified based on the assumption of 1Tx. If 2Tx is assumed the MPR value for intra-band contiguous CA could be reduced. 
The existing MPR requirement for non-contiguous CA is specified based on the assumption of 2Tx. But we thought 1PA can cover the non-contiguous case where the inter-distance between CC is relatively small. The benefit is that UE can support UL MIMO by using 1PA cover two non-contiguous CC. For such case, the new requirement based on 1Tx needs be specified.
Objective 2-2: Seems acceptable.
Objective 2-4: The current requirements for 2Tx UL CA and EN-DC are specified based on the assumption of existence reverse IMD (RIMD), which corresponds to antenna cross-talking. But in the conductive test, such impact cannot be reflected since no antenna is involved in the test. So it is expected to investigate whether to consider and how to consider RIMD impact during the acutall test.
Please provide the comments for the initial round for the above proposed objectives.
Companies views’ collection
	Company
	Comments

	Ericsson
	General: When picking 3 out of the 4 work areas, we think this area should be the one to de-prioritize.
Objective 2-2: This has been discussed in release 16 and not agreed. Non-linear inter-layer distortion cannot be compensated algorithmically at a receiver. We are not OK including an objective in this form in rel-17.

	ZTE
	Objective #2-3: Impact of power imbalance between Tx antennas
We would like to have clarification on this objective. Does “power imbalance” mean that the power split between Tx antennas can be any ratio, not equally? If yes, how often is the change allowed? And to which extent the ratio could be?

	Qualcomm
	2-1.  Suggest to remove. This is an optimization that we believe may consume a lot of time with unknown benefit. For example, it is not clear how much MPR improvement can be achieved with 2 PA over single PA when RIMD must be considered.  Also, it has been observed in the past that assumptions on antenna isolation are difficult to agree upon yet have significant impact to the final result.  It is our opinion that improvements in this area are best left to implementation since specification will not likely lead to much gain while taking a considerable amount of RAN4 time.
2-2.  Support
2-3.  Support, but we suggest clarifying the objectives here to be more precise.  For example, the current proposed objective “Investigate the impact of power imbalance” is too open-ended.  How much power imbalance?  What criteria should be used for judgment?  What is the expected final result, i.e., a new requirement on power imbalance?  A table of requirements as a function of declared power imbalance?  For “enhance the RF requirements”, it would be better to list the requirements which are proposed to be enhanced.  Is MOP the only one?  For test method, is this expected to be a RAN4 discussion or is it more suited to RAN5?
2-4. Suggest to remove.  Past experience has shown that studies on RIMD have consumed a lot of time, but not been particularly beneficial.  In fact, this topic has already been discussed in RAN4 for more than a year in 2013 to 2014 with no conclusion.  The result is usually based on empirical measurements from one or a small number of companies.  On the other hand, there is usually no agreement on fundamental parameters such as antenna isolation since these are highly dependent upon implementation and can vary over a wide range.  Yet, these assumptions have a profound impact on the final MPR.  Also, “how to inject interference into an antenna connector” is a vague objective.  Do you mean to study the efficacy and use of RF couplers?  Should this be a RAN5 discussion?

	CMCC
	2-1. Support. CMCC prefer the MPR enhancement for PC3 TDD intra-band UL CA. From the perspective of China Mobile, n41 band is more than 100MHz in china, and MPR enhancement for uplink carrier aggregation is needed.
2-3. Support. As we know, some consensus has been reached on 2Tx for UL-MIMO in Rel-16. If there is no conclusion on some remaining issues such as TxD, it is suggested to put it into this WI for further enhancement.
2-4. Support. RAN4 is still performed RIMD analysis of 5G based on the assumptions of LTE period. We support to investigate the impact of RIMD on MPR, and enhance 2Tx RF measurement for UL CA and EN-DC testing.

	T-Mobile USA
	2-1: We would only be interested in this if it included PC2 and PC1.5, not only PC3. 2 Tx might help, but if we use 10 dB antenna isolation 2 Tx likely won’t help much. Measurements would be needed. 
2-2: We do not support per-layer EVM requirements, but we woudl not be supportive of allowing more MPR to meet the per layer EVM requirements
2-4: We don’t support. The RIMD impact should be verified on OTA spurious emisisons tests. We don’t think it makes sense to use 10 dB antenna islation for test if the UE has better than 10 dB isolation. 

	vivo
	We generally support this Topic, and 2Tx is something we are even continueing to do refinement for TxD in Rel-16. Some of the study here are fundamental for UE and can also be used for TxD and they form. 

	Verizon
	2-3: Support! The clarifications on this objective is needed

	Xiaomi
	We genearlly support this topic, and for Objective #2-3, we also think some more clarfications is need to better understand the intention and possible impact on which requirments.

	Intel
	Objective #2-1: It is generally assumed that up to 200 MHz can be covered by a single PA. Therfore it is unclear whether an aggregated CBW > 100 MHz will only be supported by 2PA?
Objective #2-2: Support
Objective #2-3: We are fine but the objective can be further clarified. As an example, does power imbalance mean only come from Tx antennas, or whole Tx chains? If we consider whole Tx chains, other Tx requirements, i.e., IQ image, might have impact. BS receiver requirement would be impacted as well.
Objective #2-4: RAN4 already spent some time for this issue, i.e., RIMD and antenna isolation assumption. Although we are OK for further discussion, it is not clear which addtional aspect RAN4 needs more discussion compared to previous RAN4 discussions?

	Apple
	Objective #2-1: MPR
We are fine with this objective.
Objective #2-2: Per layer EVM requirement
We are fine with this objective.
Objective #2-3: Impact of power imbalance between Tx antennas
Does the objective intend to allow any power imbalance between the two ULs or to define the power imbalance limit due to RF implementation impairments? The former looks to be a relatively broad scope.
Objective #2-4: Test method for verify RIMD impacts
We are fine with the objective. But is this meant for UL CA and EN-DC (inter-band or intra-band?) or for UL MIMO and Tx diversity?
As a general comment on the 2Tx RF requirement enhancement, The RAN4 WF in R4-2011768 provides an excellent summary of the remaining open issues; during the initial stage of the email discussion in RAN, we had proposed that if RAN4 does not reach a conclusion, this work scope should be captured in the Rel-17 RF work plan for FR1.  One notable open issue is the following:
If requirements are embedded in to general requirements or distinguished in to TxD dedicated requirements is FFS
In our understanding, a signaling approach (e.g. new power class) is needed to allow the network to distinguish max output power capability of the UE [R4-2009941]. We suggest including new power class signaling for Tx diversity as an objective for this work area.

	OPPO
	Objective #2-1: MPR
For the contiguous UL CA, it is ok to study the MPR improvement with 2PA comparing to Rel-16 1PA. 
For the non-contiguous UL CA, not clear what is the benefit of supporting it with 1PA since it is expected that the MPR would be larger than 2PA cases.
Objective #2-2: Per layer EVM requirement
Ok with this objective.
Objective #2-3: Impact of power imbalance between Tx antennas
Not clear of the motivation and objective, is it trying to define requirements with different power imbalance? And what is the targeted power imbalance? Which requirements are to be impacted with this change of power split assumptions? The impacts to test costs and additional benefits are unclear to us. These issues need to be clarified first.
Objective #2-4: Test method for verify RIMD impacts
We noticed there are many discussions in Rel-16, however, only few measurement inputs. In this view, not support this objective.

	Skyworks
	Objective #2-1: MPR: we support these objectives as they are leftover from R16
Objective #2-2: we support and this is lacking from R15/R16
Objective #2-3: we believe power imbalance should not be allowed other than some tolerance, especially it needs to be bounded across power control or the TxDiv/UL MIMO functionality is not guaranteed at the BS.
Objective #2-4: Test method for verify RIMD impacts: we have made 2Tz measurements for the past 3 years and we use a setup with 2 coupled PAs. Interference injection does not provide the same behavior. Still there is critical coupling issues in the measurement and these needesw to be accounted for especially when the signals are correlated in amplitude. It is important that those influences are properly understood when providing results.

	LGE
	Objective #2-1: MPR
We can study with this objective.
Objective #2-2: Per layer EVM requirement
We can study with this objective.
Objective #2-3: Impact of power imbalance between Tx antennas
Based on study result, RAN4 can decide whether or not define additional power imbalance requirements.
Objective #2-4: Test method for verify RIMD impacts
We are fine with the objective with specific band combination for 2Tx RF measurement for UL CA and EN-DC.

	Huawei
	[bookmark: OLE_LINK3]Objective #2-1:
To Qualcomm: 
In our view, the MPR could be reduced for contiguous CA case if 2Tx architecture is utilized, and the UL MIMO can be supported for non-contiguous CA case when 1Tx architecture is allowed. We see the benefit.
To T-Mobile:
The PC2 for intra-band contiguous CA is covered in this WI. So we can work on it. Some evaluation could be triggered during WI phase.
To Intel:
We do not mandate 2PA for CBW>100MHz. We just clarify the condition on which the enhancement is meaningful. CBW>100MHz can be supported by single PA but with larger MPR.
Objective #2-2:
To Ericsson: 
We understand the concern from Ericsson. But in our view, the per-layer EVM requirement reflects the actual signal quality at BS receiver especially for multiple layer transmissions. We also would like to specify the new requirements as enhancement. And more details could be discussed in WI phase.
To T-Mobile:
Allowing more MPR is undesirable.
To OPPO:
The benefit is to enable UL MIMO for two CCs for intra-band contiguous CA. Although there is power back-off the gain could be expected for near-BS case.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Objective #2-3:
To ZTE: 
Power imbalance means the power difference between two antenna ports. We would like to define the requirements for non-coherent UL MIMO case. So far only the requirement for coherent UL MIMO is specified.
To Skyworks:
Similar comment as for ZTE.
Objective #2-4:
To Qualcomm: 
We understand that the requirement is specified based on the field testing data and so the requirement include the effects of RIMD, which is a big contributor to the MPR, but in the conductive test, we cannot verify impact of RIMD.

	Nokia
	For 2-2 and 2-3, we are not sure what kind of “enhancement” is expected. Without identifying the clear benefit or necessity, they should be removed.
For 2-4, we need clarification of the motivation. Is the following understanding correct?
The current requirements will stay (no change) regardless of the outcome of the WI.
The current requirements were developed with the consideration of RIMD while the current test method cannot consider the RIMD aspect since the test is conducted test. Hence, it is easier for the UE to meet the current requirements with the current test method.
Thus, develop a test method to correctly evaluate real UE performance considering RIMD.

	AT&T
	Objective #2-1: Support but other power classes should also be considered.
Objective #2-3: Support the study. Needs further detail to bound the scope.



Summary and recommendation for further discussion
In this section, the summary of comments on Topic#2 and the corresponding recommendations are provided.
	
	Summary and recommendation

	Objective 2-1
	In the initial round, 13 companies provided the feedback. Among them, 11 companies supported it while 2 companies opposed it. In addition, 4 companies made comments for modifications.
The main concern from companies who opposed it is that there is less gain and should be left for implementation. 
The comments from companies include
· More power class (PC2 and PC1.5) should be taken into account (T-Mobile, AT&T)
· Unclear whether an aggregated CBW > 100MHz will only be supported by 2PA.
According to moderator understanding from the email discussion, PC2 for intra-band contiguous CA is included as one potential objective in this WID and so PC2 could be considered for MPR enhancement. How to handle PC1.5 is FFS.
The current MPR for contiguous CA is specified based on assumption of single PA. The intention of proponent is to specify the MPR based on 2PA, which does not mean mandating 2PA for the aggregated CBW > 100MHz rather an optional feature.
To address the concern from Qualcomm, we propose to add “investigate” for objective 2-1 to study the gain from the moderator perspective. 

	Objective 2-2
	In the initial round, 12 companies provided the feedback. Among them, 10 companies supported it while 3 companies opposed it. In addition, 1 company made comment.
The main concerns from companies who were against include that the non-linear inter-layer distortion cannot be compensated algorithmically at a receiver and the issue was discussed in Rel-16 but not agreed. The benefit for this objective is unclear.
The comment from company is that
· We would not be supportive of allowing more MPR to meet the per layer EVM requirements (T-Mobile)
According to moderator understanding, the per-layer EVM seems irrelevant to or not impact MPR.
To address the concern from Ericsson and Nokia, we propose to add “investigate” for objective from the moderator perspective, and companies can further investigate.

	Objective 2-3
	In the initial round, 12 companies provided the feedback. Among them, 8 companies supported it while 3 companies opposed it, and 5 companies had comments to need clarification on the scope. 
The main concerns from companies who were against the objective include
· Power imbalance should not be allowed other than some tolerance (Skyworks)
· Not sure it is enhancement and what is the benefit (Nokia)
From the moderator perspective, the intention is to allow power imbalance at UE transmitter connectors when the gains of different Tx chains are imbalanced. The benefit is not to reduce the total transmitting power in order to keep transmitter power balanced.
The comments from companies are mainly related to the need of further clarification of objective. From moderator perspective and based on the comments from companies, we would like to update the objectives.

	Objective 2-4
	In the initial round, 12 companies provided the feedback. Among them, 7 companies supported it while 4 companies opposed it and in addition 4 companies made comments to request the clarification on the scope.
The main concerns from companies who were against the objective include:
· No benefit, no agreement on antenna isolation
· Not clear how to inject the interference and it should be RAN5 scope
The comments from companies include:
· Clarification on the objective
· It is not clear which additional aspect RAN4 needs more discussion (Intel)
· Suggest including new power class signaling for Tx diversity as an objective for this work area (Apple)
· Is this meant for UL CA and EN-DC (inter-band or intra-band?) or for UL MIMO and Tx diversity? (Apple)
From moderator perspective, we would like to update the objectives to make it clear based on the comments from companies.



Based on the summary above, it is suggested to consider this area into the WID. But further discussion is needed to down-scope the objectives in this area, i.e., which objectives should go into WID.
Based on the comments received, the objectives are updated and provide in Section 2.3.1 from the moderator perspective.
Intermediate round
Open issues
Task#1: further discuss the updated objectives based on the feedback from companies.
Task#2: based on the update objective, decide which objectives should go into WID.
Based on the initial round discussion, the following updated objectives are suggested for further discussion in the intermediate round.
Objective #2-1: MPR
· Investigate and specify MPR enhancement for power class 3 TDD intra-band contiguous and non-contiguous UL CA
· Contiguous CA: MPR enhancement for dual PA architecture when aggregated channel bandwidth >100MHz
· Note: it does not mean mandating dual PA for contiguous CA with MPR enhanced
· Non-contiguous CA: study whether Rel-16 MPR definition can be reused for single PA architecture
· If not, define MPR requirements for single PA architecture
Objective #2-2: Per layer EVM requirement 
· Enhance the 2Tx RF requirements
· Investigated and if needed introduce per layer EVM requirements for UL-MIMO
Objective #2-3: Impact of power imbalance between Tx antennas
· Investigate the impact of power imbalance between Tx antennas for UL MIMO and specify RF requirements if needed
· Investigate the range of allowed power imbalance between Tx antennas for UL MIMO considering the performance and complexity
· Identify and if needed specify the RF requirements for power imbalance, e.g., maximum output power 
Objective #2-4: Test method for verify RIMD impacts
· Investigate and specify a test method to verify the impact of RIMD on MPR for UL CA and EN-DC
· Study and decide 2Tx Antenna isolation assumption for RF requirement measurement
· Study the measurement method enhancement
Companies views’ collection
	Company
	Comments

	Qualcomm
	2-1:  In the first round, we commented that we don’t believe there is much gain considering the antenna coupling, but a lot of work required.  The proponent then modified the objective to “investigate and specify”; this means that there will be even more work required in the objective.  If an investigation is necessary, then it indicates that there is not a common understanding that there will be any gain to be achieved.  In this case, we suggest that it is not appropriate to include the objective into the work item.  Instead, this investigation should be in a separate SI.  Since the RAN chairman has asked us to reduce scope, then we stand by our first round comment that this item should be removed from the WID.
2-2:  We propose to add an objective “Investigate whether per-layer EVM correction is needed to be release independent to Rel-15”
2-3:  We don’t see the need for this objective.  Suggest to remove.
2-4:  As commented in the first round, we don’t think this will go anywhere.  Suggest to remove.

	LGE
	To reduce the scope of RF enhancement, we support #2-2 and #2-3. Other objectives are neutral position.

	OPPO
	Regarding the Objective #2-3(Impact of power imbalance between Tx antennas), the intention and objective are still not clear. 
Generally in our understanding the power imbalance is not something new or enhancement, instead it is purely UE implementation dependent as long as UE can meet RAN4 requirements.
RAN4 has introduced UL MIMO and also discussed about the TxD, the power/emissions are measured at each antenna connector then sum them together, even the power imbalance exists, not understand the impacts to RAN4 requirements except EVM calculation which has already been disucssed in TxD. If this is the intention and goal, then the study should be clearly focus on the EVM requirement to keep the discussion focused. And discuss how to release independent to Rel-15/Rel-16 to make sure the legacy UE also be covered.

	Apple
	Objective #2-1: MPR
We have no objection to investigate the MPR enhancement, but should be low priority to avoid the increasing workload.
Objective #2-2: Per layer EVM requirement
We are fine with the objective
Objective #2-3: Impact of power imbalance between Tx antennas
We do not see the need for further investigating the power imbalance requirement. For PC2 UL MIMO, in addition to that the sum of output power from each antenna connector shall meet the PC2 Tx requirements, an additional requirement that each antenna connector should meet the PC3 MOP tolerance can be added to ensure the power imbalance is within a range. 
Objective #2-4: Test method for verify RIMD impacts
We have no objection to investigate the RIMD impact on MPR, but should be low priority to avoid the increasing workload. 

	CMCC
	Support objective#2-1~2-4

	Ericsson
	Option 2-2: Per layer EVM requirement
If we keep this objective, we think that the first line “Enhance the 2Tx RF requirements” should be removed. Those words are not needed, and in our view the per-layer EVM is not an enhancement it is rather a relaxation of the EVM based on combining. For the second line, change the words “if needed” to “if justified”: “Investigated and if justified introduce per layer EVM requirements for UL-MIMO”
Objective 2-3: We do not think this is really needed; power control will manage power at ports and existing tolerances can address any imbalance measured at antenna ports.
Objective 2-4: Note that there is a reverse IMD test defined for the BS (but the isolation is declared)

	Intel
	Objective #2-1: We are still not clear and get convinced by the objective. Suggest to depriorize.
Objective #2-2 and #2-3: Support
Objective #2-4: Suggest to deprioritize.

	ZTE
	Objective #2-3: Impact of power imbalance between Tx antennas
Thanks for addressing our comments in the initial round.  If the TU is limited, we could lower the priority of this objective.

	Skyworks
	Objective #2-1: MPR. We suuport to finalize R16 work and enable UL MIMO + UL CA support 
Objective #2-3: we do not see that this is needed other than bound the power/phase/delay difference between the two antennas versus power control to guarantee proper operation. this should not need a complete study and should not enable large power imbalance
Objective #2-4: we believe this is a complex matter and unlikely to result into a RAN4 agreed method. We believe that companies that present RIMD results should be aware of the issue and be transparent about limitations of their test setup, waveform used….

	Nokia
	Overall, to reduce RAN4 workload, our proposal is to capture at least 2-1 in this WID and consider 2-3 if the objective can be further clarified as the next priority. 
2-1: We support this. If a UE supports a band with UL MIMO and if UL MIMO is not configured with the UE, the UE can use 2 Tx chains and could reduce MPR. This does not mean spec mandate to support 2Tx chains for a band.
2-3: If the original objective is to specify non-coherent UL MIMO due to power imbalance as moderator replied to ZTE, power class aspects should be clarified. For instance, a UE supporting PC2 non-coherent UL MIMO should not allow to support 23dBm+23dBm Tx chain implementation. Otherwise, the total power never reaches 26dBm since one of the antenna port power is capped by 23dBm and the other power is smaller than that. In any case, even if intentionally the powers at antenna ports are made different, in the end, the power imbalance may be even larger after radiated via antennas… More concrete target of imbalance as total UE design would be helpful as WI objective.

	MTK
	2-1: Suggest to remove. We share the same view with QC.
2-2  Support
2-3. Support but need to clarify if the intention is to study the mismatch between antennas, not to conrtol or apply differnt power for UL MIMO antennas functionality. Whether to specify mismatch requirement depends on outcome of study. 

	AT&T
	Objective #2-1: Support but other power classes should also be considered. Same comment made in round 1.
Objective #2-3: Support the study and revised scope is clear.

	Vivo
	Support Objective #2-2 and Objective #2-3. Neutral on others.It is proposed to select option 1, and add objective #3-1 into the current WI, and add another objective:
Further harmonize HPUE related specification which is introduced in different WIs.



Summary and recommendation for further discussion
In this section, the summary of comments on Topic#2 and the corresponding recommendations are provided.
	
	Summary and recommendation

	Objective 2-1
	Support: 5; concerns: 3

	Objective 2-1
	Support: 7; concerns: 1

	Objective 2-3
	Support: 6; concerns: 5

	Objective 2-4
	Support: 2; concerns: 3



Fine-tuning round
Open issues

Companies views’ collection
	Company
	Comments

	
	

	
	

	
	



Summary and recommendation for further discussion
In this section, the summary of comments on Topic#2 and the corresponding recommendations are provided.
	
	Summary and recommendation

	
	

	
	

	
	



Final comments

Topic #3: Optimizations on power class fall back
Proposed objectives
Objective #3-1: Finer relationship between UL duty and back off power
· Study the schemes with finer relationship between UL duty and back off power instead of ΔPPowerClass =3dB sharp, e.g. “MPR-like”, “linear”, “stepwise” etc.
· Investigate the gain based on FDD-TDD EN-DC PC2 case 
· Optimization for different operation modes can be considered, including SA, TDD+TDD EN-DC and FDD+TDD EN-DC etc.
Objective #3-2: “Blind scheme” 
· Study the schemes by reducing the power on one or multiple cell groups in case of MR-DC, e.g. reduced LTE power (PLTE) and use of the common UL-DL patterns on the TDD CG for FDD+TDD EN-DC etc.
· Investigate the impact on RAN1
· Optimization for different operation modes for FDD-TDD EN-DC is considered and other modes do not precluded
Objective #3-3: Other objectives
· Other schemes are not precluded.
· Optimization for different operation modes can be considered, including SA, TDD+TDD MR-DC and FDD+TDD MR-DC etc.
· Power class 1.5 can be considered
· UE test effort needs to be considered
· Release independency can be considered depending on outcome of the study.
Initial round
Open issues
There are different views from companies on the objectives.
Please provide the comments for the initial round for the above proposed objectives.
Companies views’ collection
	Company
	Comments

	Ericsson
	Objective 3-1: Support
Objective 3-2: Support but propose to reword “Investigate the impact on RAN1”; we think that could be written as “Re-use existing RAN1 functionality and avoid impact to the RAN1 specifications” then the scope is clearer.
Objective 3-3: These are clarifications of the other main objectives as opposed to objectives in their own right.

	ZTE
	Objective #3-3: Other objectives
Our understanding is that this objective is only for facilitating to include more potential proposals at this meeting. It should not serve as one of the objectives in an approved WID, since it is too broad and too vague, and can be anything.

	Qualcomm
	Propose to remove Topic #3 from this WI.  The benefit to linear fallback has never been quantified, especially in deployments for which UL naturally has a limited duty cycle to begin with.  The blind scheme was discussed extensively in Rel-16 but was not adopted due to its well-known drawbacks.  In general, there seems to be little benefit for this topic.  

	T-Mobile USA
	3-1 Support
3-2 We support further study on the Blind Scheme. The Blind scheme works well with the P-MPR based scheme. If the network limits P_LTE, then the UE should consider the LTE power when determinig the NR power.  We agree with Ericsson that there shouldn’t be impact to RAN1 specs.
Objective 3-3: OK. 

	vivo
	The Objectives 3-1 & 3-2 description is updated according to latest SID RP-201651. For 3-3, it is actually not a seperate objective but still listed here. 
However, as requested by Chairman and Moderator, it seems that this topic may be de-prioritzed or downscoped as a whole, and the proposed seperate SI would not 
Objective 3-1:  we would like to find the possbility to somehow merge it into current WI, which is easier and less controversial. However, the detailed possible scheme is still need futher discussion, and not confined to ”linear”.
Objective 3-2: It seems that still premature and more controversial according to previsous Email discussion to be included in a WI. The original proposal is a SI objective.

	Xiaomi
	In our view, Top#1, 2 and 4 should have the higher priority. This topic may be de-prioritized.

	Intel
	Objective #3-1: Support the study
Objective #3-2: Suggest the modification as follow: ” Study the schemes other than pure duty cycle approaches by reducing the power on one or multiple cell groups in case of MR-DC, e.g. reduced LTE power (PLTE) and use of the common UL-DL patterns on the TDD CG for FDD+TDD EN-DC etc.

	Apple
	Objective #3-1: Linear fallback
Fallback may not be a good term for the intended scheme which looks to be a PCMAX scaling with UL duty cycle. How is it different from P-MPR approach? 

	Samsung
	In general, we think it is better to have seperate SI on the power class fallback optimization. 
For objective 3-2, given the extensive discussions in Rel-16, the repeating discussions is most likely expected if include this in Rel-17. We suggest to remove 3-2 even seperate SI is conisdered 

	OPPO
	Objective #3-1: Finer relationship between UL duty and back off power
This has been discussed for a long time (more than a year) and no solution has been agreed, it is not because of lack of time. 
In our view, the power class fall back is more clean in the network, the leaner or step functions which is beautiful in paper but infeasible in the network since it needs the UE and NW has the same real time calculation of the duty cycle, however, now the calculation is defined with the famous ambiguous wording “certain evaluation window” which makes it is impossible for the NW and UE has the same understanding of the “evaluation window”.
RAN4 has spent too much time in this kind of work, and we should focus on the more important and useful features rather than these minor “optimisation”. Actually it already takes too much valuable meeting time.
Therefore, we suggest to remove this objective.

	LGE
	LGE do not support all of #3 Objectives based on preivous e-mail discussion comments.

	Vodafone
	We would generally like to have a clear testable requirement for power class fallback as opposed to just P-MPR, which seems quite unclear how the device would set the power, so would support work to achieve that goal.

	Huawei
	We generally support Objective 3-1, and open to the possible solutions.

	Nokia
	In general, we are supportive to this kind of enhancement. If, however, we consider the current RAN4 workload is extremely high and the FR1 Rel17 WI requires significant time to complete, the priority of this item may come to the last and sub-topics to be included in the WID must be carefully selected if this topic is included in the WID in the end.
The below is comments for each of the sub-topics. In any case, so many sub-topics in total. 
For 3-1, it is true that sudden fallback to PC3 is not justified since UE can meet more than 23 dBm with UL duty cycle of 51%, if the UE can meet 26dBm with Ul duty cycle of 50% apart from this linear assumption is true or not. There must be gain from this enhancement. This gain, however is provided only when scheduled UL duty cycle exceeds UE’s ability. That means no gain when scheduled UL duty cycle is below the UE’s capability. Having this enhancement is good but at this moment, this would be categorized as “nice to have”.
For 3-2, in any case, blind scheme itself will be discussed in inter band UL CA PC2. This should not be discussed here and there, though the exact requirements for inter band CA PC2 and EN-DC of LTE FDD+ NR TDD would be slightly different. 
For 3-3, not sure what we are going to do…it seems we are going to discuss anything we want. Each of the topics clarified and discussed with the other sub-topics on which ones will be included in the WID if this Topic #3 is included in the WID.

	CHTTL
	3-1, 3-2 in general we are supportive to continue the study, but don’t have strong view on whether they are belongs to SI or WI objective (sorry not sure about the 3-3)

	AT&T
	3-2 We support further study of the “blind scheme” in Rel-17.



Summary and recommendation for further discussion
In this section, the summary of comments on Topic#3 and the corresponding recommendations are provided.
	
	Summary and recommendation

	Objective 3-1
	In the initial round, 13 companies provided the feedback. Among them, 6 companies supported it while 6 companies opposed it. The other 2 companies made comments.
The main concerns from the companies who were against it include
· Little benefit
· How it is different from P-MPR approach
· The area should be in low priority
Comments from companies include:
· The fallback enhancement should be testable
· A separate SI would be a proper way to handle it.
From moderator perspective, we would like to provide the update based on the proponent input in order to address the concern from companies. And it is suggested to have further discussion how to handle this area.

	Objective 3-2
	In the initial round, 11 companies provided the feedback. Among them, 4 companies supported it while 5 companies opposed it. In addition, 2 companies made comments.
The main concern form companies who were against it is that in Rel-16 there were extensive discussion already but no agreement.
The comments from companies include:
· Further discuss the blind scheme in UL CA PC2 WI (Nokia)
· Modification: Study the schemes other than pure duty cycle approaches by reducing the power on one or multiple cell groups in case of MR-DC, e.g. reduced LTE power (PLTE) and use of the common UL-DL patterns on the TDD CG for FDD+TDD EN-DC etc. (Intel)
From moderator perspective, we see the difficulty to move forward on this objective.

	Objective 3-3
	In the initial round, 6 companies provided the feedback. Among them 2 companies supported while the other 4 had comments or questions.
From moderator perspective, we suggest to focus on Objective 3-1 and 3-2.



Based on the summary above, further discussion on whether or not this area should go into WID is needed.
Based on the comments received, the objectives are updated and provide in Section 3.3.1 from the moderator perspective.
Intermediate round
Open issues
Task#1: Further discuss how to handle this area. There would be three options:
· Option 1: Include part of objective and merge it/them into other area of this WID
· Option 2: Have a separate SI
· Option 2: Drop this area
Task#2: Further discussion on the objectives.

The updated objectives are as follows:
Objective #3-1: Finer relationship between UL duty and back off power
· Study the schemes with finer relationship between UL duty and back off power instead of ΔPPowerClass =3dB sharp, e.g. “MPR-like”, “linear”, “stepwise” etc.
· Investigate the gain based on FDD-TDD EN-DC PC2 case 
· Optimization for different operation modes can be considered, including SA, TDD+TDD EN-DC and FDD+TDD EN-DC etc.
Objective #3-2: “Blind scheme” 
· Study the schemes other than pure duty cycle approaches, e.g. reduced LTE power (PLTE) and use of the common UL-DL patterns on the TDD CG for FDD+TDD EN-DC etc.
· Investigate the impact on RAN1
· Optimization for different operation modes for FDD-TDD EN-DC is considered and other modes do not precluded
Objective #3-3: Other objectives
· Other schemes are not precluded.
· Optimization for different operation modes can be considered, including SA, TDD+TDD MR-DC and FDD+TDD MR-DC etc.
· Power class 1.5 can be considered
· UE test effort needs to be considered
· Release independency can be considered depending on outcome of the study.

Companies views’ collection
	Company
	Comments

	Qualcomm
	As commented in the first round, we suggest to drop this area.

	LGE
	All of #3 objectives are not necessary.

	OPPO
	Task#1: further discuss how to handle this area. There would be three options:
Option 3, drop this area. Reasons have been provided in 1st round and reproduce here since our view is not changed.
This has been discussed for a long time (more than a year) and no solution has been agreed, it is not because of lack of time. 
In our view, the power class fall back is more clean in the network, the leaner or step functions which is beautiful in paper but infeasible in the network since it needs the UE and NW has the same real time calculation of the duty cycle, however, now the calculation is defined with the famous ambiguous wording “certain evaluation window” which makes it is impossible for the NW and UE has the same understanding of the “evaluation window”.
RAN4 has spent too much time in this kind of work, and we should focus on the more important and useful features rather than these minor “optimisation”. Actually it already takes too much valuable meeting time.
Therefore, we suggest to remove this objective.

	Apple
	Isn’t P-MPR approach sufficient to handle SAR issue?

	Ericsson
	The “blind” scheme can complement P-MPR without the need for RAN1 changes and enables optimization of the network.

	ZTE
	This topic may have a low priority pending on the available TUs

	Nokia
	We are afraid that it looks Option 1 and 2 not reasonable. In terms of workload, they don’t serve as a resolution. Thus, it is unfortunate but the remining option is the Option 3. And it may be better to focus on the objective of 2-1 of MPR improvement. If LTE FDD + NR TDD is considered, if MPR for wider RBs allocations of a single carrier or intra band UL CA for NR TDD is quite large, there may be less useful to consider the enhancement of FDD+TDD since in any case larger MPR is applied to TDD and no wider RBs allocation cannot be utilized. 
Blind scheme itself would be discussed in inter band CA PC2 WI though exact requirements are different from EN-DC case.

	AT&T
	We continue to support development of the “blind” scheme in Rel-17.

	Vivo
	It is proposed to select option 1, and add objective #3-1 into the current WI, and add another objective:
Further harmonize HPUE related specification which is introduced in different WIs.

	Samsung
	If blind scheme is included, we prefer the option 2, i.e., a separate SI



Summary and recommendation for further discussion
In this section, the summary of comments on Topic#3 and the corresponding recommendations are provided.
	
	Summary and recommendation

	Objective 3-1
	Most companies are not convinced at the stage. Drop the objective.

	Objective 3-2
	Most companies are not convinced at the stage. Drop the objective.

	Objective 3-3
	Most companies are not convinced at the stage. Drop the objective.



Fine-tuning round
Open issues

Companies views’ collection
	Company
	Comments

	
	

	
	

	
	



Summary and recommendation for further discussion
In this section, the summary of comments on Topic#3 and the corresponding recommendations are provided.
	
	Summary and recommendation

	
	

	
	

	
	



Final comments

Topic #4: HPUE for TDD intra-band contiguous CA
Proposed objectives
Objective #4-1: HPUE for TDD intra-band contiguous UL CA
· HPUE for TDD intra-band contiguous UL CA
· Take n41 and n78 intra-band contiguous UL CA for an example band
· Investigate and specify the 26dBm power class for n41and n78 intra-band contiguous UL CA
· Study the impact of different UE architectures on the requirements
· [Use 1Tx architecture as baseline]
· [The other architecture is not precluded]
· [Power class Relation between single CC and intra-band contiguous CA on HPUE band can be studied]
· [Specify the mechanism to meet SAR requirements
· Mechanism for HPUE on single carrier can be a start point considering the same UL-DL configuration assumption
· Power class fallback enhancement is specified for TDD intra-band contiguous UL CA]
· A-MPR requirement
· Specify MPR requirements
Initial round
Open issues
Please provide the comments for the above proposed objectives.
Companies views’ collection
	Company
	Comments

	Ericsson
	Ericsson: Support this objective in general. 

	ZTE
	We are supportive to this objective.

	CMCC
	Support

	Qualcomm
	In general, we are supportive of this topic.  We suggest to be more precise about the CA configurations to be studied within the scope of this WI, i.e., UL CA_n41C and CA_n78C.  For UE architecture, our opinion is that the requirements should be independent of UE architecture to the extent possible.  It is not clear that 1 Tx architecture should be the baseline for up to 200 MHz bandwidth with PA output of up to 30 dBm or higher at 2.6 and 3.5 GHz frequencies.  If 2PA architectures are considered, then it should be clear whether the PA’s are split in power (i.e., PC3 + PC3) or split in frequency (i.e., 100 MHz + 100 MHz).  Other aspects such as thermal generation may need to be considered in addition to SAR if for example, 2 PC2 PA’s are required or if single PA suffers from efficiency loss.  

	T-Mobile USA
	We support this objective. 

	China Telecom
	Support. OK with Qualcomms’ suggestion to include example band of UL CA_n41C and CA_n78C.

	Vivo
	Support

	Verizon
	We are supportive this objective

	Xiaomi
	Support

	Intel
	Support the objectives

	Apple
	This is a natural migration from HPUE for TDD band with single UL CC. We also support this objective. It is suggested to focus on 1Tx architecture first.

	Samsung
	Support

	Skyworks
	We support for both n41 and n78 for class B and C UL CA. single PA should be the assumption

	LGE
	Support 

	Huawei
	Support. We can further discuss the architecture in WI phase.

	Nokia
	Support to specify intra band contiguous UL CA for PC2.
Regarding to the objective about UE architecture, it may seem that RAN4 is going to specify several types of requirements based on UE architectures.
With respect to the objective about SAR issue, it may be affected by the assumed UE architecture so that this would be discussed together with the above UE architecture discussion in parallel. In addition, “Power class fallback enhancement” is “nice to have” hence this should be removed from the objective, though we understand the motivation itself. 
Overall, considering the above and this is the WI hence, maybe we could say in a following way. 
· Study Identify the impact of different UE architectures on the requirements
· [Use 1Tx architecture as baseline]
· [The other architecture is not precluded]
· [Power class Relation between single CC and intra-band contiguous CA on HPUE band is clarified if any.  can be studied in this phase(TBD)]
· [Specify the mechanism to meet SAR requirements if necessary
· Mechanism for HPUE on single carrier can be a start point considering the same UL-DL configuration assumption
Power class fallback enhancement is specified for TDD intra-band contiguous UL CA]

	
	

	AT&T
	We support the objectives.

	vivo
	Support


Summary and recommendation for further discussion
In this section, the summary of comments on Topic#4 and the corresponding recommendations are provided.
	
	Summary and recommendation

	Objective 4-1
	Almost all the companies support it. 1 company provide the concrete comments for revision of objectives.



Based on the discussion, it is suggested to include this area into WID. The updated objective is provided in section 4.3.1 for further review.
Intermediate round
Open issues
Task#1: Stabilize the objectives 
The updated objectives are as follows:
Objective #4-1: HPUE for TDD intra-band contiguous UL CA
· HPUE for TDD intra-band contiguous UL CA
· Take n41 and n78 intra-band contiguous UL CA for an example band
· Investigate and specify the 26dBm power class for n41and n78 intra-band contiguous UL CA
· Identify the impact of different UE architectures on the requirements
·  Power class Relation between single CC and intra-band contiguous CA on HPUE band is clarified if any
· Specify the mechanism to meet SAR requirements if necessary
· Mechanism for HPUE on single carrier can be a start point considering the same UL-DL configuration assumption
· A-MPR requirement
· Specify MPR requirements

Companies views’ collection
	Company
	Comments

	Qualcomm
	Support but suggest to list the CA configurations (not just the bands).

	LGE
	Support the #4 objectives for HPUE for TDD intra-band CA

	LG Uplus
	Sorry for late input but could we consider to add non-contiguous case here ?
If I share the situation of FR1 spectrum in Korea, now Korean operators have n78 band from 3.42GHz to 3.7GHz. In near future, one of the new candiates for next spectrum auction would be from 3.7GHz to 4.x GHz. Given this situation, within a couple of years non-contiguous case for n77 should be addressed in the specification to have commercial HPUE with condition that HPUE regulation in Korea finalized around that time. Considering the Rel-17 timeline with possibilty of 6 months delay to be conformed in December Plenary so that stage3 completion in 2022 Q1, if this case is postponed to Rel-18, the commercialization timeline could be affected.
We are fine to have n41 and n78 for example band where we can consider n77 with a basket aproach after initial works.

	Apple
	We support this objective.

	CMCC
	Support this objective

	Ericsson
	OK for us

	Intel
	Support the objective

	ZTE
	We are supportive to this objective.

	Skyworks
	We support

	Nokia
	We agree with Qualcomm. Perhaps, it would be even better to incorporate CBW combinations as well since in case someone wants to evaluate MPR etc., no information on the aggregated CBW this may make the proponent have trouble selecting possible aggregated CBW to be evaluated.

	vivo
	Support



Summary and recommendation for further discussion
In this section, the summary of comments on Topic#4 and the corresponding recommendations are provided.
	
	Summary and recommendation

	Objective 4-1
	All the companies support the objective. It is suggested to take Objective 4-1 (HPUE for TDD intra-band contiguous UL CA) into WID.
Remaining topics:
· List the CA configurations for example bands in the WID



Fine-tuning round
Open issues

Companies views’ collection
	Company
	Comments

	
	

	
	

	
	



Summary and recommendation for further discussion
In this section, the summary of comments on Topic#4 and the corresponding recommendations are provided.
	
	Summary and recommendation
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Topic #5: DC location
Proposed objectives
Objective #5-1: (based on RP-201734)
· DC location enhancement
Initial round
Open issues
The motivation is as follows [PR-201734]
In Rel-15 and Rel-16, DC location is indicated by RRC signaling which cannot be dynamically reported to the network. From UE implementation perspective, DC location is shifting dynamically by external factor, e.g. temperature. Once DC location is not correctly indicated to the network and gNB cannot puncture the RE which carries the LO leakage, it will cause the uplink performance degradation especially for high order modulation. In Rel-17, DC location indication mechanism can be enhanced to solve the problem.
Companies views’ collection
	Company
	Comments

	Ericsson
	It is not clear what the scope of the discussion in rel-17 would be; we currently do not see the need for such objectives.

	ZTE
	It seems overlap with the other email discussion thread dedicated for DC location issue.

	Qualcomm
	Is this the same as the DC location in thread [08]?  The motivation here sounds very different and is not justified.  The example cited here is temperature variation.  How much offset in DC location is anticipated due to temperature fluctuation recalling that the UE is responsible for maintaining ppm accuracy?  How often and how timely is it expected to report the LO since temperature can fluctuate as the PA turns on and off?  How much uplink performance gain is expected, especially if the reporting is stale?

	Intel
	No topic was listed in the agenda in the very first of this document. 
The same topic is being discussed in [08][DC_location reporting_UL-CA]. We sugges to move this RF issue under [08] as it discuss more general aspect across WGs.

	Apple
	Is this enhancement for single CC UL? Shouldn’t the DC shift caused by temperature drift be corrected by AFC? How is this enhancement related to the other email discussion thread for [89E][08][DC_location reporting_UL-CA]?

	OPPO
	In our understanding the dynamic DC reporting caused by temperature is not necessary, and this is implementation issue.

	MTK
	This topic is overlapped with [08] thread. Suggest to discuss in [08] instead of [19]

	Skyworks
	We provided our input in thread [08]

	LGE
	We are not support the DC location objectives. It can discussed in [08].

	Huawei
	It is different from the discussion in the other email thread [8]. According to our understanding, DC location is shifting dynamically by external factor, e.g. temperature, and UE could more frequently report DC location to get better performance.

	Nokia
	We should remove this objective from the WID.
<Reason>
As was commented in the thread [08], we do not believe the necessity of this enhancement is justified at this moment. We should wait for the outcome of the discussion about RAN4 LS of R4-2011906 in the next RAN1 and RAN2 meeting.



Summary and recommendation for further discussion
In this section, the summary of comments on Topic#5 and the corresponding recommendations are provided.
	
	Summary and recommendation

	Objective 5-1
	Based on the feedback, it is suggested to close the discussion for this area.
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