[bookmark: OLE_LINK151][bookmark: _Ref399006623][bookmark: _Toc92513360][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting # 96-e 															R4-2010932
[bookmark: OLE_LINK22]Electronic Meeting, 17 August – 28 August, 2020

Source: 	Huawei, HiSilicon
Title: 	Further discussion on RF requirements about DC_12_n71
Agenda Item:	7.5.2
Document for:	Approval
Introduction
In last RAN4 meeting, a WF [1] was approved that only single switched UL can be used for DC_12_n71. And there are some open issues for DC_12_n71 that are listed below.
· FFS whether to introduce a new UE capability for only single switched uplink operation for ENDC band combinations
· FFS whether to specify the switching time mask requirements for inter-band ENDC.
· FFS whether to restrict the specific implementation for DC_12_n71 in the specification. 
· The feasibility about specific implementation need to be further studied, such as triplexer, four sub-1GHz antennas and so on.
In this paper, we’d like to further discuss these open issues.
Discussion
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Only single switched uplink operation for specific EN-DC band combinations
In last RAN4 meeting, a WF [1] was approved that only single switched UL can be used for DC_12_n71. 
In Rel-15, for DC_3A_n3A intra-band non-contiguous EN-DC combination, only single switched UL is supported.
In Rel-16, only single switched UL is supported by some ENDC band combinations, such as DC_2A_n2A, DC_5A_n5A, DC_7A_n7A, DC_48A_n48A, DC_66A_n66A, DC_(n)5AA, DC_(n)12AA, DC_(n)38AA, DC_(n)48AA.
It can be foreseen that more and more ENDC band combinations have to be operated with only single switched UL in the future. However, it is unclear what the UE and NW’s behaviors are, when only single switched UL is used for these specific band combinations. From network’s perspective, there are two understanding about only single switched UL operation at least.
Option 1: To restrict NW’s behavior that only single UL band (LTE band or NR band) can be scheduled in one slot/occasion.
Note: UEs which can’t support dual Transmission have to switch UL band following BS’s scheduling.
Option 2: There is no restriction on NW’s behavior for only single switched UL operation.
[bookmark: OLE_LINK63]Note: UEs which can’t support dual Transmission have to drop NR transmission when LTE and NR transmissions collide.
Firstly, RAN4 need to clarify the understanding about the only single switched UL operation. 
Secondly, there is no signaling to indicate only single switched UL operation. A general solution is needed to address this issue.
The common understanding about the existing “singleUL-Transmission”
In last meeting, companies propose to reuse existing “singleUL-Transmission”. However, it’s obvious that the only single switched UL operation is different from the existing “singleUL-Transmission”. It’s necessary to clarify the common understanding about the existing “singleUL-Transmission”.
RAN plenary and RAN4 discussed the 1 Tx and 2 Tx issue for ENDC band combination in Rel-15. Based on RAN plenary chairman note [2] and conclusion [3], dual Tx is the baseline. 
Based on RP-172085 [4], network can choose to operate the UE in a way that is not consistent with this capability indication. It means that network still can schedule UE dual UL transmission even if UE report the capability “singleUL-Transmission”.
Observation 1: The common understanding about the “singleUL-Transmission” is that network can choose to operate the UE in dual UL transmission even if UE report the capability “singleUL-Transmission” based on RAN plenary’s conclusion.
If the common understanding of only single switched uplink operation for specific ENDC band combinations is option 1 that NW’s behavior is restricted, it’s impossible to reuse the existing capability “singleUL-Transmission” due to different NW’s behavior.
If the common understanding of only single switched uplink operation for specific ENDC band combinations is option 2 that UE can drop NR transmission when LTE and NR transmissions collide, the UE behavior is still different between “singleUL-Transmission” and “only single switched uplink operation”. For “singleUL-Transmission”, dual Tx is the baseline. However, for “only single switched uplink operation”, NR transmission can be dropped when LTE and NR transmissions collide.
Proposal 1: RAN4 need to clarify the BS and UE’s behaviour when only single switched UL operation is used. The existing “singleUL-Transmission” has different meanings, compared with only single switched UL operation based on the analysis above.
How does UE indicate the only single switched uplink operation for specific ENDC band combinations
Based on current common understanding, the existing capability “singleUL-Transmission” can’t reflect “Only single switched UL operation”. Based on the discussion in previous meeting, there are some options to address this issue.
		Option 1: To introduce a new UE capability to support only single switched UL operation for specific ENDC band combinations.
[bookmark: OLE_LINK54]		Option 2: To change the common understanding about the existing capability “singleUL-Transmission” for specific ENDC band combinations and reuse it to indicate the “Only single switched UL operation”. It means that network have to schedule UE single UL transmission when UE report the capability “singleUL-Transmission” for specific band combination or UE can drop NR transmission when LTE and NR transmissions collide.
		Option 3: To Send LS to RAN2 with option 1 and option 2 and ask RAN2 to decide how to design the capability in order to support “Only single switched UL operation” for specific ENDC band combinations.
[bookmark: OLE_LINK62]We can list the pros and cons for all the options.
Table 2.1.2-1: The pros and cons
	
	Pros
	Cons

	Option 1
	1. This design satisfies the forward compatibility, even if similar combos are introduced in the future.
2. It doesn’t change the common understanding about existing capability “singleUL-Transmission”.
3. It’s very clear to indicate the UE capability from network perspective. Network can only schedule UE single UL Transmission for specific ENDC band combinations.
4. It can reduce the risk of misoperations for specific only SUO combos.
	1. A bit capability need to be introduced.

	Option 2
	1. There is no need to inroduce a new bit capability.
	1. The common understanding about the existing capability “singleUL-Transmission” is changed.
2. It may have an impact on the legacy BS and UE.
3. It will cause some confusion for BS when different meanings are introduced for the same IE.
4. NBC issue will be caused since the previous agreement may be overridden.

	Option 3
	It’s up to RAN2’s decision to choose option 1 or option 2.



Proposal 2: It’s proposed to specify new capability to support “only single switched UL” for specific ENDC band combinations as Annex.

The switching time mask requirements
The time mask requirements have an impact on the system performance when “only single switched UL” is be used for DC_12_n71. Thus, it’s necessary to specify the time mask for specific inter-band ENDC band combinations which is operated within “only single switched UL”. Otherwise, UE performance is unknown.
Proposal 3: It’s necessary to specify the time mask for specific inter-band ENDC band combinations which is operated within “only single switched UL”. Otherwise, UE performance is unknown.
Considering the LO retuning during the switching period, 120us can be used for maximum UL switching time for DC_12_n71 referring to the sub-clause 6.3B.2 from TS 38.101-3. Thus, the relative requirements can be specified as below.
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]The switching time mask defined in this clause is applicable when UE indicating support of [Only supporting single switched UL] for the specific inter-band ENDC combination. The maximum UL switching time is defined as 120 us. Time masks in Figure 2.2-1 and Figure 2.2-2 shall apply.
[image: ]
[bookmark: OLE_LINK53]Figure 2.2-1: E-UTRA to NR switching time mask for inter-band EN-DC when only single switched UL is supported
[image: ]
Figure 2.2-2: NR to E-UTRA switching time mask for inter-band EN-DC when only single switched UL is supported
Proposal 4: To specify the switching time mask requirements as above when only single switched UL is supported.
The specific implementation
[bookmark: OLE_LINK66]Referring to the contribution [5], a note “This combination is applicable only for non-form-factor constrained device use cases (e.g. customer premise or vehicle-mounted devices)” was proposed to restrict the specific implementation for DC_12_n71. However, it isn’t suitable to restrict the specific implementation, especially for band combinations. There are some reasons listed below.
1) It is well known that all of the band combinations are optional. If UE can’t support the specific band combination no matter what the reason is, UE doesn’t have to report to support this band combination. Thus, it isn’t necessary to restrict the specific implementation when RAN4 specify the RF requirements.
2) If the restriction about the specific implementation is introduced, it isn’t helpful to further improve the responding technology and application scope of the UE for specific band combination. It is not conducive to further expanding related industries.
3) For this note, there seems to be no clear definition about non-form-factor constrained device.
Anyway, there is no need to restrict the specific implementation for DC_12_n71 in the specification.
Proposal 5: It’s proposed not to restrict the specific implementation for DC_12_n71 in the specification.
The possible UE architecture are listed below.
The first one, referring to R4-1901713[7], the triplexer is assumed for DC_12_n71 and the possible UE architecture can be found as below. The assumption of insertion loss is less than 3dB and the isolation (50 ~ 55dB) can be achieved.
[image: 0C6B5E6C-2A1D-41F4-8370-485E4CA2453C]
Figure 2.3-1: Possible UE architecture for DC_12_n71
The second one, a separate Tx antenna architecture can be used for DC_12_n71 as shown below.
[image: 20ED6E6B-629E-42C0-8412-A755B9247F45]
[bookmark: OLE_LINK68]Figure 2.3-2: Possible UE architecture for DC_12_n71
The third one, a shared main path antenna architecture can be used for DC_12_n71 as shown below. The absolute attenuation for band 12 and n71 Tx filter at band n71 and 12 Rx frequency can reach 40~45dB. There is no REFSENS exception.
[image: FF189A2F-B56A-44BA-A25C-8868FB0769FE]
Figure 2.3-3: Possible UE architecture for DC_12_n71
Multiple possible UE architecture can be foreseen. Thus, there is no need to restrict the specific implementation for DC_12_n71.
[bookmark: OLE_LINK69]Proposal 6: It’s proposed that the TIB,c and RIB,c values are given in the tables below.
Table 2.3-1: ΔTIB,c
	Inter-band ENDC Configuration
	E-UTRA and NR Band
	ΔTIB,c [dB]

	DC_12_n71
	12
	0.5

	
	n71
	0.5

	.




Table 2.3-2: ΔRIB,c
	E-UTRA and NR DC Configuration
	E-UTRA and NR Band
	ΔRIB,c [dB]

	DC_12_n71
	12
	0.3

	
	n71
	0.3

	 



Summary
Based on the discussion, all the proposals are listed below:
Observation 1: The common understanding about the “singleUL-Transmission” is that network can choose to operate the UE in dual UL transmission even if UE report the capability “singleUL-Transmission” based on RAN plenary’s conclusion.
Proposal 1: RAN4 need to clarify the BS and UE’s behaviour when only single switched UL operation is used. The existing “singleUL-Transmission” has different meanings, compared with only single switched UL operation based on the analysis above.
Proposal 2: It’s proposed to specify new capability to support “only single switched UL” for specific ENDC band combinations as Annex.
Proposal 3: It’s necessary to specify the time mask for specific inter-band ENDC band combinations which is operated within “only single switched UL”. Otherwise, UE performance is unknown.
Proposal 4: To specify the switching time mask requirements as figure 2.2-1 and 2.2-2 when only single switched UL is supported.
Proposal 5: It’s proposed not to restrict the specific implementation for DC_12_n71 in the specification.
Proposal 6: It’s proposed that the TIB,c and RIB,c values are given in the tables below.
Table 2.3-1: ΔTIB,c
	Inter-band ENDC Configuration
	E-UTRA and NR Band
	ΔTIB,c [dB]

	DC_12_n71
	12
	0.9

	
	n71
	0.9

	.


Table 2.3-2: ΔRIB,c
	E-UTRA and NR DC Configuration
	E-UTRA and NR Band
	ΔRIB,c [dB]

	DC_12_n71
	12
	0.5

	
	n71
	0.6

	 


References
[1] [bookmark: OLE_LINK51][bookmark: OLE_LINK52]R4-2008459, WF on single UL for DC-12-n71, Huawei, HiSilicon
[2] [bookmark: OLE_LINK37]RP-172744, Report of 3GPP TSG RAN meeting #77
[3] RP-172064, Single Tx switched UL, Qualcomm, Intel
[4] RP-172085, Signalling for Single/Dual UL Tx, RAN2 Chairman
[5] R4-2004627, TP for TR 37.716-11-11 to include DC_12_n71, Ericsson, US Cellular
[6] [bookmark: OLE_LINK25]R4-1903507, Inter-band ENDC Combinations with Narrow Frequency Gap or Overlapping Frequencies, Skyworks Solutions Inc.
[7] [bookmark: OLE_LINK67][bookmark: OLE_LINK23]R4-1901713, TP for TR 37.716-11-11 MSD for DC_12A_n71A, Huawei, HiSilicon

3GPP
Annex
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	[bookmark: _Hlk36461753]Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	[bookmark: _Hlk40195730]6. LTE_NR_DC_CA_enh
	6-3
	Only supporting single switched UL 
	Only supporting single switched UL for specific inter-band ENDC combination
	N/A
	Yes
	N/A
	UE can’t support the specific inter-band ENDC combination
	Per BC
	No
	FR1 only
	N/A
	[bookmark: OLE_LINK36][bookmark: OLE_LINK41]This capability is restricted to specific band combinations. If this capability isn’t supported for the specific inter-band ENDC combination, the UE can support simultaneous UL transmissions when the inter-band ENDC combination is supported. UE can’t simultaneously report this capability and IE “singleUL-Transmission” for the specific inter-band ENDC combination. IE “tdm-Pattern” will be reused to indicate whether the UE supports the tdm-PatternConfig for this capability associated functionality. The field doesn’t apply to any other fallback band combinations.
For super set combination, the UL configuration can refer to sub-clause 5.5B.4.1 from 38.101-3.
	Optional with capability signalling
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