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1
Introduction

The topic of support for Single Uplink Operation (SUO) for UEs in EN-DC has been discussed in RAN2 for three meetings. Based on discussion of R2-1707822, RAN2#99 originally proposed to send an LS to RAN4 on the capability signalling details, but RAN2 was eventually not able to conclude on sending the LS that was proposed in R2-1709843. RAN#77 also discussed the topic, and endorsed basic principles for RAN4 (RP-172064) and RAN2 (RP-172085), as indicated in the LS RP-172100. The way forward for RAN2 indicated the following:

	Define in RAN4 specs for which band combinations and channel allocations (to the extent specified by RAN4) within that band combination the UE is allowed to indicate that it does not support 2 simultaneous UL tx (this is not implying the granularity of the signalling)

Signalling to be defined to support the 'red text' from RAN4 part of the single tx discussion (i.e. as in RP-172064):

· UE capability indicates that the UE does not allow 2 simultaneous UL transmission for the RAN4 specified channel allocations in a given band combination. If the network chooses to operate the UE in a way that is not consistent with this capability indication then the UE behavior is not specified and the UE might not meet the performance criteria.


Here the “red text” refers to both the cases where 2Tx support is mandatory, and to those where 1Tx support is allowed. In this document, we discuss the remaining RAN2 work for the 1Tx support of EN-DC. Note that throughout this document, we will call the Single Uplink Operation as “SUO” operation for brevity.

During the RAN2#99bis discussion on SUO operation, the capability signalling was discussed, with some companies preferring a per band combination capability, some preferring a bitmap, along with various other alternatives. The following agreements were reached.

Agreements:


1
For timing information provided to the UE, RAN2 will follow the RAN1 agreements (RAN2 understanding is that some timing information based on TDD UL/DL configuration may be provided in LTE, and no RRC signaling to be added in NR)

2
RAN2 will define capability signalling per problematic case (as defined in RAN4) to indicate whether the UE support 2 simultaneous UL transmissions for the problematic case. FFS how this is structured in RAN2 (e.g. per UE bitmap or per BC bits, etc)


(If RAN4 conclude that there are no problematic cases then these capabilities will not be introduced)

=>
Leave RAN3 to work on the coordination of TDM pattern between SN and MN.

=>
Discussion will occur in one WG next meeting (RAN2 and RAN3 chairs will coordinate where this discussion occurs )

Since no consensus could be reached on the specifics of capability signalling, email discussion was agreed with the task to attempt to harmonize the views and have concrete proposals how to progress the Stage-3 work, as shown in the scope of this email discussion below:
	[99bis#15][NR] Capability of signalling for 1 tx  (Nokia)


Discuss options for capability signalling for 1 tx. Can consider the agreements made in RAN4 during this week. Aim to produce stage 3 text for the option(s) for which there is support so conclusion can be made at the next meeting.


Intended outcome: Report and text proposal(s) to next meeting


Deadline:  Thursday 2017-11-09


This document collects the views from companies on the capability signalling for SUO.
2
Stage-2 details of SUO capability signalling
2.1
Requirements for SUO operation
In addition to the agreements made in RAN#77 in RP-172064, RP-172085, and corresponding LS in RP-172100, according to the minutes of RAN4#84bis, the following two documents were approved:
· R4-1711618; WF on single Tx switched UL; Source: Apple GmbH

· R4-1711610;
LS on on single Tx switched UL; Source: Apple GmbH

Based on the earlier agreements and the above documents, RAN4 has agreed on the following:
· Only band combinations that are classified as “difficult” by RAN4 will be allowed to be indicated by the UE as being requested for SUO. Band combinations that are not “difficult” always work without SUO (i.e. UE supports 2Tx in BCs that are not “difficult”).

· Within the “difficult” band combinations, only some frequency allocations are considered “difficult” so that SUO could be used. These will be calculated via the formula indicated in R4-1711618.

· FFS on the granularity of the “difficult” frequency ranges.
· FFS how RAN4 specification captures the “difficult” band combinations and corresponding frequency ranges.



From RAN2 viewpoint, this means that at least the following requirements apply for SUO capability signalling:

· The UE capability signalling should allow UE to indicate SUO operation only for those band combinations that are defined in RAN4 specifications as “difficult”. 

· UE shall not indicate SUO for any other band combinations than those defined as “difficult” in RAN4 specifications. 

Question 1: Do companies agree to these requirements for RAN2 capability signalling?
Companies are requested to input their views (questions, open issues, problems, support indication) for this scheme in the following table. 

	Company
	Answers to Q1 (including any missing RAN2 signalling requirements)

	Vodafone
	 In general, we are fine with the requirements above like:

· The UE capability signalling should allow UE to indicate SUO operation only for those band combinations that are defined in RAN4 specifications as “difficult”. 

· UE shall not indicate SUO for any other band combinations than those defined as “difficult” in RAN4 specifications. 

· It is FFS how RAN4 captures the details of the “difficult” frequency ranges within a “difficult” band combination. RAN2 specification shall not duplicate those but refer to RAN4 specification on those aspects. The capability signalling for SUO are only applicable for these “difficult” frequency ranges of “difficult” band combinations.

In our opinion that this means that for all combinations the capability bit will be “0” meaning that Dual UL is used per default and the formula below is not used. 

Once the UE signals the capability bit is set to “1”, then the formula tentatively agreed in RAN4. along with other criteria such as UE RF architecture, UE Tx power (details FFS):

· Formula:

· Interference bandwidth: IBW = |a| x CBW1 + |b| x CBW2

· |a| + |b| = 2 (or 3)

· CBW1 and CBW2 are UL channels

· Center frequency of IBW:  fIBW = a x f1 + b x f2

· f1 and f2 are center frequency of each UL channel 

· The range of IMD 2 (or 3):  [fIBW – IBW/2, fIBW + IBW/2]

is used to define which channel allocations are considered to be “difficult”. For “difficult” channel allocations, the NW can reconfigure the UE to operate with a single Tx switched UL. For “easy” channel allocations within “difficult” band combinations, the NW shall proceed with dual simultanous UL and for this case the UE performance requirements has to be fulffiled.


	Apple
	 There should not be any more question/confusion about these requirements. Defining UE capability signaling is an agreement in the last RAN plenary, and RAN2 should definitely take into RAN4 progress made in RAN4#84bis into account, which includes both how RAN4 categorizes difficult band combinations and how to define easy channel combinations within the difficult band combinations.
Rapporteur: It seems Apple is proposing to change the requirements wording as follows:

“It states in R4-1711610: RAN4 informs RAN2 that categorization shall be per band combination. In addition, RAN4 informs RAN2 that all easy channel combinations within difficult band combinations shall support concurrent 2UL.
Based on the earlier agreements and the above documents, RAN4 has agreed on the following:

· First level of Difficult/easy categorization shall be per band combination. UE can indicate the non-support of simultaneous UL transmission via UE capability signaling only for band combinations that are classified as “difficult” by RAN4. Simultaneous UL transmission is mandatory for band combinations that are not “difficult.

· Easy channel combinations within difficult band combinations shall support simultaneous 2UL transmission. Formula used to define easy channel combinations (indicated in R4-1711618) within difficult band combinations will be specified in RAN4 spec. Simultaneous UL transmission is mandatory for easy channel combinations. 

· FFS on the granularity of the “difficult” frequency ranges.

· FFS how RAN4 specification captures the “difficult” band combinations and corresponding frequency ranges.

From RAN2 viewpoint, this means that at least the following requirements apply for SUO capability signalling:

· The UE capability signalling should allow UE to indicate non-support of simultaneous UL transmission only for those band combinations that are defined in RAN4 specifications as “difficult”. 

· UE shall not indicate non-support of simultaneous UL transmission for any other band combinations than those defined as “difficult” in RAN4 specifications. 

· No additional singaling needed at channel allocation level using RAN4 methodolgy“

	Nokia, Nokia Shanghai Bell
	We agree that RAN2 should follow the agreements set by RAN4 decisions on SUO. In our understanding, the main point of the RAN4 agreement was that only certain channel combinations within certain band combinations will be subject to SUO, but the work on how those combinations are defined is still ongoing in RAN4. 
On Apple’s comments on “difficult” vs. “easy”, we think the exact formulation is up to RAN4. We should therefore try to avoid using the terms “easy” or “difficult” in RAN2 specifications if possible, and just refer to RAN4 specifications.

	Qualcomm Incorporated
	We agree to those requrements from RAN2 point of view.

The UE capability bit should be to just indicate “I am subject to the restrictions that RAN4 specification defines”. Is it not a good idea to discuss in RAN2 what those restrictions would be, e.g. “difficult” in certain frequency ranges, “difficult” in the band combination and so on.

	OPPO
	We consider that the requirements should be clear based on Plenary LS and RAN4 LS. Based on the LS from RAN4, the per band combination categorization will be introduced, and also within the difficult band combinations 2UL will be supported. Therefore, from RAN2 perspective, we need to support the capability on band combination level firstly. Regarding the channel allocation, we consider that the simplest way is to refer what has been concluded by RAN4 later. 

	Intel
	In our understanding, the key point from RAN4 LS is that categorization shall be per band combination. RAN2 should focus on the capability signaling per band combination based on RAN4 agreement. 
We also understand that the capability signaling should be allowed to the band combinations that are defined as difficult BC according to RAN4 specification. 

	vivo
	We think RAN2 should follow the conclusion of last RAN plenary and consider the latest RAN4 way forward. In RAN2, at least capability signalling per-band combination can be agreeable according to LS from RAN4. At the same time, RAN4 will categorize the difficlut band combination. Thus, we agree the first two requirements. The UE is allowed to indicate not to support simultaneous UL transmission in “difficult” band combination. And the UE shall indicate to support simulataneous UL transmission in other band combination than “difficult” ones. 
For “easy” channel combination in “difficult” band combination, we prefer to capture its calculation in RAN4 specification. Anyway, we can also compromise to have some discussion in RAN2 for additional signalling.

	ZTE
	We also agree that RAN2 should follow the agreements set by RAN4’s decision on SUO and extension based on unknown length of list is not so reasonable.

	CATT
	According to RAN4 LS (R4-1711610), RAN4 informs RAN2 that categorization shall be per band combination. So from RAN2 point of view, the SUO capability bit should be at least in band combination level. For the definition of ‘difficult’, it should be defined in RAN4, and probably not visible to RAN2.

	Huawei
	 We agree to the following requirmenets from RAN2 signaling point of view:

· The UE capability signalling should allow UE to indicate SUO operation only for those band combinations that are defined in RAN4 specifications as “difficult”. 

· UE should not indicate SUO for any other band combinations than those defined as “difficult” in RAN4 specifications



	NTT DOCOMO
	Agree on the scope of RAN2 work as suggested by the rapporteur. RAN2 does not have to discuss what “SUO operation” for “difficult” band combinations means. As it is to be defined in the RAN4 specification, it is enough for the RAN2 specification merely to refer to the RAN4 specification.

	Ericsson
	We agree with the requirements. We consider that the UE would require single TX operation only in the difficult channel assignments and support dual TX (or more) in case of other channel assignments even the capability indication would be coarser.

	China Telecom
	The requirement is clear from RAN4 LS in R4-1711610, that categorization shall be per band combination. We should not spend any more time to debate the requirements again on RAN2 UE capability signalling.

	Sony
	We agree with the above reqirements and we also support that on problematic band combinations, UE could still perform simultaneous UL transmissions in certain channel assignments as suggested by RAN4. Regarding the termoniology of using “difficult” and “easy” in RAN2 specifications we share the view that it should be avoided however, it depends on other aspects like UE RF architecture and Power control in addition to RAN4 formula that whether we need additional signalling or not.

	T-Mobile USA
	1) Single Uplink Operation is not consistent with the nomenclature used by plenary or RAN4. This should be single Tx switched UL
2) The requirements in this section should copy the RAN plenary agreements in RP-172085

· “UE capability indicates that the UE does not allow 2 simultaneous UL transmission for the RAN4 specified channel allocations in a given band combination. If the network chooses to operate the UE in a way that is not consistent with this capability indication then the UE behavior is not specified and the UE might not meet the performance criteria.



	CMCC
	We think RAN2 should follow the agreements of the RAN plenary and follow the RAN4 way forward, i.e. a per band-combination capability indication can be indroduced into RAN2 spec from signalling point of view.


Conclusions: 17 companies provided replies to the question. All companies agree that the RAN and RAN4 agreements are clear. Majority of companies consider that the above requirements are correct from RAN2 viewpoint.
2.2
Approach 1: Bitmap outside the BC signalling (R2-1711003)
One approach proposed for the capability signaling, as described in R2-1711003, would be to use a bitmap-approach for indicating the SUO capabilities. The approach can be characterized as follows:

· UE capability for SUO is indicated with a bitmap outside the BC signallling. 
· The bitmap references (a table in) RAN4 specifications that indicates the “difficult” frequency range combinations where SUO is allowed.
· The bitmap size can be extended as necessary as per normal RAN2 bitmap size extension mechanisms.
Companies are requested to input the technical issues (questions, open issues, problems, clarifications, etc.) for this approach in the following table. 

	Company
	Comments

	Vodafone
	The creation of the bit map is one possible approach, but it would mean that RAN4 has to define such a bitmap which is currently not agreed and would need to be done by the next RAN4 meeting, but also it would mean that the UE would need to send such a bit map for all band combinations considered as difficult. Considering that such a bit map would be enchanced in the future, it can be observed that depending on the granularity of the table the size might become a big problem (see all the discussions regarding capability signalling for CAs combinations).

	Apple
	Not preferred. Two main issues with this approach:

(1) This approach adds too much dependency on how RAN4 specifies/organizes the difficult band combinations. (a) If RAN4 specifies the difficult band combinations by only adding a column to the existing band combinations tables and marking difficult band combinations with “difficult”, it looks not so clear which bit in the bitmap indicates which difficult band combination, because the entry of difficult band combinations in the table may not be contiguous. Hence complicated stage 3 texts need to be introduced to address the linkage between the bitmap and the entry of band combinations table; (b) It may be feasible to describe linkage via bitmap if RAN4 defines a separate table for all difficult band combinations. However by doing so, we put additional restriction to RAN4 because of RAN2 signalling, which is not desirable.

(2) The size of the bitmap is hard to estimate. It should be big enough to accommodate the number of difficult band combinations. However, new “difficult band combination” may come up in the future: operators may acquire new bands for 5G NSA; RAN4 methodolgy may also change after Phase-1, e.g. considering additional CA cases or IMD orders, leading to a different list of problematic band combintations. At the same time signalling overhead also needs to be considered if the size of bitmap is too big.    

	Nokia, Nokia Shanghai Bell
	A bitmap fulfils all the RAN4 requirements: It can indicate only those band combinations that are needed, and allows full freedom in RAN4 to define as complicated tables as required. 
The drawback mentioned last time offline is that the size of the table is not known, so it may need to be extended in the future. However, this has happened many times in RAN2 already before (e.g. with EARFCN, NS values, modified MPR, …), and the last entry in the bitmap is usually reserved for the bitmap extension. This allows legacy eNBs/gNBs to understand that UEs might be supporting extended size of table.

Table 1 below shows also a possible example of the table in RAN4 (done based on UL CA IMD tables currently in 36.101).

	Qualcomm Incorporated
	This is a feasible solution. We agree to Nokia’s observations above.

	OPPO
	We also agree with Apple that this approach depends too much on how RAN4 specifies/organizes the difficult band combinations, because at current stage, RAN4 is still discussing and we are not sure how many channel allocations will be introduced. Therefore, we consider the future proofness is not good. 

	Intel
	We agree that this approach has some limitation; 1) to require some coordination between RAN2 and RAN4 spec to define the meaning of bitmap additionally and 2) the size of BITMAP should not be predictabl given that RAN4 work is usually release-independent. 

We recall that the extension of EARFCN, NS value and modified MPR required some level of clarification discussion/CRs in several times in the past. Given that we can introduce a simpler approach (1 bit per BC), we don’t see a good motivation to introduce BITMAP approach which is not so future-proof. 

	vivo
	At current stage, we prefer approach 2: per-band combination capability signalling. 

Approach 1 can have more flexibility on signalling design for future extension. But this approach depends too much on RAN4. RAN4’s specification needs to have clear entry of band combination. As indicated by the other companies, it is quite a lot of work in RAN4. 

	ZTE
	We share the concern from Vodafone that to complete a R15 list of channel allocation in one meeting maybe not feasible considering the potential huge number of channel allocation combination. 

	CATT
	Approach 2 (i.e. per bandcombination capability signaling) can reflect the RAN4 proposal directly and it is very flexible and forward compatible. 

For approach 1, we agree with Apple and Intel’s view, we do not know the actual bitmap length now, and if we consider the further extension, the further clarification/discussion cannot be avoided, and also the ASN.1 would not so readable.

	Huawei
	We think the existing RAN and RAN4 agreements on SUO and the corresponding UE capability signalling is clear. 
A UE can signal SUO operation only in difficult band combination. Within a difficult band combination, a set of easy channel allocations are defined by RAN4 specification. For these easy channel allocations defined by RAN4 within a difficult band combination, the UE capability on SUO does not apply and thus 2 UL is supported by all UEs. The UE capability on SUO applies only to the non-easy channel allocations within a difficult band combination. 
Thus, we think Approach 2 of per band combination SUO UE capability signalling seems sufficient to align with the existing RAN and RAN4 agreements.

	NTT DOCOMO
	Agree with Nokia. It is up to RAN2 how ASN.1 is structured. Even though UE capability is defined for band combination, UE capability signalling does not have to be included per band combination. Especially, if the number of concerning band combinations is expected to be small, Approach 1 makes sense. It should be noted that RAN2 has been working on reducing the UE capability signalling size on NR CA and MR-DC band combinations. RAN2 is attempting to avoid per band combination signalling as indicated in the LS to RAN1/4 in R2-1712078.

	Ericsson
	This is feasible approach and can provide fine granularity indication with less signalling overhead.

	Sony
	We think it is a feasible approach. While UE can still perform simultaneous UL transmissions in at least easy channel assignments within a problematic band combinations.

	China Telecom
	We share the similar concern as ZTE on the channel allocation situation. From our understanding, in reality it’s not possible at this stage for operators to present their channel allocations within specific bands due to the unavailability of channels, that’s why RAN4 will specify the formular to define easy/difficult channel combinations within the difficult band combinations, which can accommondate any potential channel combinations analysis in the future, when operators get clear about their channel allocations. Therefore, in our view, indicating the list of difficult channel combinations may not be feasible considering both the uncertainty and the potential huge number of channel allcoations.

	T-Mobile USA
	We do not support the use so a bit map unless RAN4 decides not to use a formula to determine carrier frequency combinations within a difficult band that require 2TX operation. It is premature to establish a bit map at this time. 

	CMCC
	We share the view with Intel. It is difficult to predict an exact length of the bitmap. And it would probably require more RAN2/RAN4 work.


	
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	index
	EUTRA CA 

Configuration
	EUTRA band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	1
	CA_1A-3A
	1
	1950
	5
	25
	2140
	23
	FDD
	IMD3

	
	
	3
	1760
	5
	25
	1855
	N/A
	
	N/A

	2
	CA_2A-4A
	2
	1860
	20
	502
	1940
	5
	FDD
	IMD3

	
	
	4
	1752.5
	5
	25
	2152.5
	N/A
	
	N/A

	3
	CA_2A-66A
	2
	1855
	5
	25
	1935
	20
	FDD
	IMD3

	
	
	66
	1775
	5
	25
	2175
	N/A
	
	N/A

	4
	CA_3A-5A
	3
	1721
	10
	50
	1816
	N/A
	FDD
	N/A

	
	
	5
	838
	5
	25
	883
	24
	
	IMD2

	5
	CA_3A-19A
	3
	1721
	5
	25
	1816
	N/A
	FDD
	N/A

	
	
	19
	838
	5
	25
	883
	27
	
	IMD2

	6
	CA_3A-26A
	3
	1721
	5
	25
	1816
	N/A
	FDD
	N/A

	
	
	26
	838
	5
	25
	883
	26
	
	IMD2

	7
	CA_3A-42A
	3
	1740
	5
	25
	1835
	29.8
	FDD
	IMD2

	
	
	42
	3575
	5
	25
	3575
	N/A
	TDD
	N/A

	8
	CA_4A-5A
	4
	1721
	5
	25
	2121
	N/A
	FDD
	N/A

	
	
	5
	838
	5
	25
	883
	26
	
	IMD2

	9
	CA_5A-66A
	5
	838
	5
	25
	883
	30
	FDD
	IMD2

	
	
	66
	1721
	5
	25
	2121
	N/A
	
	N/A


Table 1. Example of RAN4 table for SUO with the bitmap approach (based on E-UTRA CA tables)
Conclusions: 17 companies provided replies to the question. Minority clearly indicated that the solution is feasible, whereas the majority (12) simply do not prefer this solution (and have unclear opinion on feasibility).
Feasibility: 6 companies think this the solution is feasible (Vodafone, Nokia, Qualcomm, NTT DOCOMO, Ericsson, Sony) and the rest oif the companies do not clearly indicate their view on feasibility. 

Preference: 5 companies (Nokia, Qualcomm, NTT DOCOMO, Ericsson, Sony) prefer the solution and 12 companies do not prefer this solution. 
Possible issues: 8 companies (Vodafone, Apple, Oppo, Intel, vivo, ZTE, CATT, China Telecom) indicate some issues with the solution: Dependency between RAN2 amd RAN4, extendibility/size/readability may be a problem, and RAN4 work may not be possible to complete with this approach.
2.3
Approach 2: Per BC capability signalling (R2-1710608)
The proposal in R2-1710608 is to just have 1-bit per-band combination capability signallling for those BCs where SUO is allowed by RAN4 specifications. This approach can be characterized as follows:
· A single-bit indication can be included in all band combinations to indicate SUO issue. Such single-bit indications are only allowed for those band combinations that are allowed in RAN4 specifications.
Companies are requested to input the technical issues (questions, open issues, problems, clarifications, etc.) for this approach in the following table. 

	Company
	Comments

	Vodafone
	See above. If we proceed with the approach described above then 1 bit indication might be sufficient, but it can not be excluded that additional information for e.g. UE RF architecture might be provided to the NW in addition


	Apple
	Preferred approach. RAN4 LS R4-1711610 states that “RAN4 informs RAN2 that categorization shall be per band combination”. We think UE capability signalling of 1-bit per difficult band combination is intuitive and straightforward to define in RAN2 spec. In addition, since RAN4 will specify the formular to define easy/difficult channel combinations within difficult band combinations, there is no ambiguity on both network and UE sides to identify easy channel combinations, and no additional signalling is needed at this stage. 

We expect RAN2 capability signaling works as below, with 1-bit indication and the formular to be defined in RAN4:

1. The RAN4 characterization of “difficult case” should be in terms of band combination. Due to the following reason:

· Exact channel assignment for NR is not fully available yet, but band combinations are already clearly defined

· Capability signaling in resolution of channel combination incurs large overhead, and does not easily scale
· Reasonable to assume for this Dec drop’s implementation, UE capability is at per band combination granularity. Thus sending per channel-allocation capability only adds overheads. Additional finer UE capability could be added (e.g. for RAN4 WF R4-1711618 Page5, case 2b) per RAN4 further study after Dec.

2. How do we interpret “difficult” vs “easy” band combination

· “Easy band combination”: ANY channel combination within this band combination is good, and ALL UE’s should support dual Tx (as default)

· “Difficult band combination”: at least SOME channel combinations within this band combination is difficult, for which NOT ALL UE’s could support dual Tx (where capability signaling is needed)

3. How does the network know which channel combination are difficult within a difficult band combination?

· Network uses the formula defined by RAN4, to decide based on operators’ own spectrum.

4. How does the network respond to UE’s capability bit for the difficult band combination?

· UE send 1 bit capability indication per difficult band combination

· If UE indicates “can support dual tx”: it means UE is advanced UE, and can support dual Tx for all the difficult channel combinations in this band combination.
· If UE indicates “can’t support dual tx”: it means UE needs single Tx mode if the network configures a difficult channel combination in this band combination.

· Network can still configure UE in dual tx mode as long as configures UE within an easy channel combination (network can check based on the formula defined by RAN4)

Rapporteur: Apple is also proposing the following change of wording for the solution (highlighted):
· 1 bit capability signaling per MR-DC band combination is defined to indicate whether that the UE does not support simultaneous UL transmission between LTE and NR. Such single-bit indications are only allowed for those band combinations that are allowed in RAN4 specifications. 


	Nokia, Nokia Shanghai Bell
	Following the recent RAN4 agreement the capability signalling for 1 Tx transmission is only intended for difficult channel assignments within difficult band combinations, a single bit would not really allow UE to indicate anything else than “yes/no”-level of support. This would mean that UE always has problems with ALL difficult channel assignments, which may not be the case for all UEs as it has been proposed in RAN4 that different UE architectures have been proposed.

In addition, a per-BC UE capability signalling could give wrong impression that capability for 1 Tx transmission could be indicated and requested for easy band combinations as well.  Such an abuse of the signalling is not the intention of the RAN4 agreement, and should be also ensure in the test case development.

Finally, RAN4 LS simply states that RAN4 will define the capability per band combination. That doesn’t mean RAN2 signalling has to be per band combination – we should consider what’s the best option for the signalling. From RAN2 viewpoint, these “incapability bits” are expected to be rare and allocating OPTIONAL bit to each and every band combination would just increase the signalling size. Every nesting level with OPTIONAL can multiply the overhead from the previous levels. Therefore, with e.g. 5 nesting levels (RF ( BC ( Band ( BandParameters ( UL-Params), the per-BC OPTIONAL bits increase the overhead quite a lot.

	Qualcomm Incorporated
	This is a feasible solution.

	OPPO
	This solution is feasible, and preferred by us.

	Intel
	This is the most straight-forward approach based on RAN4 agreement and future work impact. 
Regarding Nokia’s comment above, it is not clear how per BC UE capability signaling could be abused given that RAN4 is clear that “all easy channel combinations within difficult band combinations shall support concurrent 2UL.”. 

	vivo
	We prefer this approach, which has the least impact on current RAN2 specification. It can also align with RAN4’s LS. Only 1bit is indicated in capability signalling for “difficult” band combination. For “difficult” band combination, UE indicates not to support simulataneous UL transmission. But in some “easy” channel combination based on calculation defined in RAN4 specification included within the “difficult” band combination, UE shall support simulataneous UL transmission according to RAN4’s agreement. So that the network can schedule the UE with 2 simulataneous UL transmission in these “easy” channel combination. 

	ZTE
	We agree with Apple that RAN2 should follow RAN4’s agreement. Note RAN4 put it very clear and strong in the LS to RAN2 that “RAN4 informs RAN2 that categorization shall be per band combination”.

 It is true that in the way forward R4-1711618, RAN4 says:

· RAN4 shall study the impact of different RF architectures, and decide what to do based on the outcome. If there is a difference it shall be accounted 
· RAN4 shall study if and how to account the TX power level in categorization process
Our understanding is that RAN4 will take these aspects into accout in categorization process i.e. whether one channel allocation combination is difficult will not solely depend on the formula in the slide 5 in the same way forward. And that is another reason why we think it is not possible for RAN4 to finish all the job ine one meeting.

Due to different design the UE from different vendor may deal same band combination differently if this band combination is idenfitied by RAN4 difficult. But once one band combination is confirmed by UE vendor as difficult, most likely all problematic channel allocation combinations become diffuclt i.e .the exeption will be a corner case at least in R15. Therefore one bit per band combination is sufficient in R15.

Of course Nokia has the point that ASN.1 can always support future extension. In Release 16 if people are convinced that UE can and will treat different channel allocation within one band combination differently then capability signalling can be still extended in such why that 1 bit per channel allocation can be set.

	CATT
	This is a feasible solution and reflects RAN4 agreements accurately. In addition, this solution is more flexible and forward comapatible than approach 1.

	Huawei
	As we responded in section 2.2, we think this approach aligns well with the existing RAN and RAN4 agreements regarding SUO and its corresponding UE capability signalling. Thus, RAN2 can proceed with this approach of per band combination SUO UE capability signalling. It is expected that RAN4 will complete the definition of easy channel allocations within difficult band combinations. 

We suggest that RAN2 requests RAN4 to complete ASAP the definition of easy channel allocations within difficult band combinations. Thus, should there any more requests from RAN4 on SUO UE capabilities, RAN2 can take those into account quickly. 

	NTT DOCOMO
	First of all, on the following proposed text;
- 1 bit capability signaling per MR-DC band combination is defined to indicate whether the UE does not support simultaneous UL transmission between LTE and NR.
If this single bit is defined as such, it is not aligned with the RAN4 agreement. As commented in sub-clause 2.1, the definition of this bit is to be defined in the RAN4 specification. RAN4 specification will define the condition where dual or single transmission is allowed depending on the following alternatives

Alt.1: spectrum holdings of an operator in a band

Alt.2: aggregated UE channel bandwidth configured by the network

Alt.3: transmission bandwidth

As such, the definition of whether the UE does not support simultaneous UL transmission between LTE and NR is not correct. 

Furthermore, as commented to approach 1, this approach would increase the signaling size of MR-DC band combination. From these viewpoints, we don’t believe that approach 2 is a sensible choice.

	 Ericsson
	The issue with this approach is following: RAN2 has currently removed all other capabilities from the BCs to ensure that UEs report only the top level BCs and omit the fallback BCs. Approach 2 would add one bit in all band combinations (not only in the ones for which RAN4 allows setting the indication to TRUE). Hence, it adds signaling also to all those band combinations where RAN4 does not identify any problematic channel combinations. 
Secondly, approach 2 bears the risk of re-introducing fallback band combinations: If RAN4 defines a certain 3 DL + 2 UL BC as “problematic”, UEs may indicate in the BC that they support only 1x in those channel combinations of that BC. Since fallback BCs are omitted, this bit would also apply to all fallback band combinations which RAN4 declares as problematic. But if there are UEs that could anyway support 2-tx in (some of) the problematic 2DL-2UL BCs, they might want to indicate several fallback BCs in which they would not set the 1-tx bit. Thus we think this is not the preferred approach.


	Sony
	We think this is a feasible approach.

	China Telecom
	We think this approach follows RAN4 agreement and should be adopted. As commented in section 2.1, LS from RAN4 is clear, it’s straightforward for RAN2 to define per band combination UE capability signalling.

	T-Mobile USA
	There are two parts to the plenary WF, one is to enable RAN4 to designate a band combination as “difficult” or “not difficult” and within a “difficult” band combination determine the carrier frequency combinations that must support 2Tx operation.  The first requirement can be met by providing a single capability bit added to BC signalling.  RAN4 hasn’t determined the methodology to determine carrier frequency combinations mandating 2TX so this functionality will have to wait for RAN4 to make a determination.

	CMCC
	This approach is straightforward and feasible. 


Conclusions: 17 companies provided replies to the question. Majority (13) consider the solution feasible, and a slight majority (9) prefer this solution.
Feasibility: 13 companies (Vodafone, Apple, Qualcomm, Oppo, Intel, vivo, ZTE, CATT, Huawei, Ericsson, China Telecom, Sony, CMCC) think this the solution is feasible, 2 companies (Nokia, NTT DOCOMO) think this is not feasible, and 2 companies (Ericsson, T-Mobile USA) do not clearly indicate their view on feasibility. 

Preference: 9 companies (Apple, Oppo, Intel, vivo, ZTE, CATT, Huawei, China Telecom) prefer this approach, 3 companies (Nokia, NTT DOCOMO, Ericsson) do not prefer, and 6 companies (Vodafone, Qualcomm, Sony, To-Mobile USA and CMCC) did not state a clear preference.

Possible issues: 4 companies (Vodafone, Nokia, NTT DOCOMO, Ericsson) indicate some issues with the solution: Does not take all factors into account, can be abused too easily, and risks increasing signalling size due to per-BC parameters.

2.4
Proposed conclusions
RAN2 Requirements: Majority of companies agree with the stated RAN2 requirements based on RAN/RAN4 agreements.
Feasibility: Both solutions seem feasible (but many companies do not clearly state the feasibility for both solutions).
Solution approaches: Majority of companies do not prefer Approach 1 (per-UE bitmap), with main concerns being RAN2/RAN4 dependencies, bitmap size, bitamp extendibility and ASN.1 readability. Majority of companies also expressed preference towards approach 2 (per BC capability signalling), with main concerns from minority being increase of capability signalling due to per-BC capability, limiting the signalling possibilities and abuse of the signalling.
Based on these, the rapporteur proposes the following as the conclusion of the discussion (based on majority views):
Proposal 1: RAN2 to adopt per-BC capability bit for SUO.
Proposal 2: UE is only allowed to set the per-BC capability bit for those band combinations that RAN4 specifications allow.
Proposal 3: RAN2 to discuss how to extend the capability signalling for SUO in case RAN4 defines new requirements in the future.

3
Stage-3 details of the SUO capability signalling approaches
3.1
Approach 1: Bitmap outside the BC signalling (R2-1711003)
Proponents of this scheme are requested to provide the Stage-3 details of RAN2 specifications within this section.

Nokia
The bitmap would be realized in ASN.1 signalling within RF capabilities, as shown by below example (note that the ASN.1 extension mechanisms haven’t been yet agreed fully, so this follows the LTE extensions for capabilities):

UE-NR-Capability ::=


SEQUENCE {


rf-Parameters





RF-Parameters,


nonCriticalExtension



SEQUENCE {}

OPTIONAL

}

RF-Parameters ::=




SEQUENCE {


singleUplinkOperation-r15


BIT STRING (SIZE (1..maxValuesForSUO))

OPTIONAL,

...
}

	singleUplinkOperation
Field encoded as a bit map, where at least one bit N is set to "1" if UE indicates Single uplink operation with channel combination N as defined in TS 36.101, Table X.Y.Z [42]. All remaining bits of the field are set to “0”. The leading / leftmost bit (bit 0) corresponds to single uplink operation in channel combination 0, the next bit corresponds to single uplink operation in channel combination 1 and so on, as defined in TS 36.101 [42]. 

Absence of this field means that UE does not require single uplink operation for any channel combination.
	-


Note that the extension of this table can be simply done via the extension addition group added after the bitmap, as shown below (extension part highlighted in yellow):

Example: Bitmap extension in Rel-17

UE-NR-Capability ::=


SEQUENCE {


rf-Parameters





RF-Parameters,


nonCriticalExtension



SEQUENCE {}

OPTIONAL

}

RF-Parameters ::=




SEQUENCE {


singleUplinkOperation-r15


BIT STRING (SIZE (1..maxValuesForSUO))

OPTIONAL,


...,


[[
singleUplinkOperation-v17xy

BIT STRING (SIZE (1..maxValuesForSUO-Ext-r17))
OPTIONAL


]]
}

Variable length for the bitmap also means that the size can be small as long as RAN4 doesn’t define many SUO operation possibilities.
3.2
Approach 2: Per BC capability signalling (R2-1710608)
Proponents of this scheme are requested to provide the Stage-3 details of RAN2 specifications within this section.

Apple

This 1-bit capability signalling will be added to the MR-DC band combinations of UE capability ASN.1 structure, which will be discussed separately in general UE capability signalling. Stage 3 texts for field description of the 1-bit per difficult band combinations could be as following:

Non-support of simultaneous UL transmission indication:

This field indicates that simultaneous UL transmission is not supported for the indicated band combinations for MR-DC. Such 1-bit indications are only allowed for those band combinations that are categorized as difficult band combinations in [TS38.XXX (RAN4)]. Easy/difficult channel combinations within difficult band combinations are decided by the formular in [TS 38.XXX (RAN4)]. UE shall support simultaneous UL transmissions on the easy channel combinations. If this field is not present, UE shall support simultaneous UL transmissions for those band combinations without this field.

3.3
Proposed conclusions
Majority expressed preference for Approach 2, with the proposal being to add the capability bit to MR-DC band combinations. However, no ASN.1 details were presented , only a tentative field description. Therefore, the rapporteur proposes the following as conclusion based on P1-P3:

Proposal 4: Capture SUO capabilities within the ASN.1 structure for MR-DC capability signalling after the structure is clarified in email discussion [99bis#28].

Proposal 5: Use the following field description for the SUO capability: “This field indicates that UE does not support simultaneous UL transmission for the indicated band combinations with MR-DC as defined in TS38.101 [X]. UE shall only indicate this capability for those band combinations that are allowed by TS38.101 [X].”
4 
Conclusions 

As result of the discussion, the following is proposed:
Proposal 1: RAN2 to adopt per-BC capability bit for SUO.

Proposal 2: UE is only allowed to set the per-BC capability bit for those band combinations that RAN4 specifications allow.
Proposal 3: RAN2 to discuss how to extend the capability signalling for SUO in case RAN4 defines new requirements in the future.

Proposal 4: Capture SUO capabilities within the ASN.1 structure for MR-DC capability signalling after the structure is clarified in email discussion [99bis#28].

Proposal 5: Use the following field description for the SUO capability: “This field indicates that UE does not support simultaneous UL transmission for the indicated band combinations with MR-DC as defined in TS38.101 [X]. UE shall only indicate this capability for those band combinations that are allowed by TS38.101 [X].”
�No RAN2 impact is expected from these two FFS


�Whether these FFS have impact has to be verified after RAN4 decides how to resolve them. That’s why they are captured also here. 


�The modifications done by Apple were rejected and have been moved to the section on Apple comments. 


If you provide modification proposals, please add also justification why something needs to be modified. That avoids having a “track changes” mess on exact wordings and why changes have been made.


�No RAN2 impact is expected from these two FFS


�RAN4 hasn’t determined yet that a formula will be used, this language is premature.





