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[bookmark: _GoBack]1	Introduction
This document is the report of the following e-mail discussion. The intended outcome is a report and corresponding draft CR(s) to the November meeting. 
[bookmark: _Ref178064866][103bis#xx][NR] Overheating (Huawei)
	Progress the content of the overheating assistance information and progress the CR
	Intended outcome: Report to next meeting, draft CR to the next meeting
	Deadline:  Thursday 2018-11-01 
2	Discussion
2.1	Background
During the RAN2#103bis meeting [1], we had the following FFS left for overheating issue: 
FFS whether any other content could be included in the request (e.g. Reduced MIMO rank (UL and DL, Reduced BWP width (UL and DL), PSCell/SCell(s) to be released, Requests can be per UE or per CC or per FR, Aggregated BW across all carriers, FR indication, etc)
There was discussion considering which contents could be included in the overheating assistance information except for the reduced number of CCs, and whether these contents are reported per UE or per FR or per CC.
2.2	Discussion
Several companies [2][3][5][6] proposed that UE can request reduced MIMO rank, since there is no signalled UE category in NR SA and MIMO rank is relevant to the overheating issue.
Question 1: Do companies agree that reduced MIMO rank (for UL and DL separately) could be included in the overheating assistance information?
	Company
	Yes/No?
	If yes, reported per UE or per FR or per CC?
	Comments

	MediaTek
	Yes
	CC
	Since the maximum number of MIMO layers is signaled per CC in the capability, it seems to make sense also to signal the requested reduction per CC.

	LG
	Yes
	Per CC
	Considering that the MIMO related capability information is differentiated by feature set per component carriers, the reduced MIMO rank would be better per CC. 

	OPPO
	Yes
	Per CC
	In our understanding, CC number is the key to relieve the overheating issue.

	Huawei
	Yes
	Per CC
	Same view with MTK and LG.

	Apple
	Yes
	Per CC
	Reducing MIMO rank can reduce the UE throughput, which would be good to resolve the overheating problem. 

	Samsung
	Yes
	per UE
	For simplicity, an aggregate MIMO rank across CCs can be introduced. Too much fine control may result in a report always whenever a prohibit timer expires.

	Nokia, Nokia Shanghai Bell 
	No
	
	We agree that higher MIMO rank may contribute to the UE overheating. However, our understanding has been that the UE overheat will be detected by some generic (even though implementation dependent) temperature sensor. If the UE is to signal request to reduce the MIMO rank per CC, we wonder how reliable the information would be for the gNB. It will reduce NW control and flexibility to reconfigure the UE. 
Additional complexity and impact we see, is that if the assistance information is extended to reduced MIMO rank it A)needs to be set consistently with the ongoing configuration and B) complicates and increasase the assistance information content (leading to equivalent problems we face with UE capabilities size and handling).

	Qualcomm Incorporated
	Neutral
	
	This indication will certainly substitute the “reduced UE category” defined in the LTE solution. However it seems reasonable to introduce something simpler at this late stage of release-15.

	Intel
	Yes
	Per CC
	Same views as LG and MTK above.

	ZTE
	Yes
	Per CC
	Same views as LG and MTK above.

	vivo
	Yes
	Per CC
	The number of MIMO layers is signaled per CC in the capability. Thus, reduced MIMO rank related information should be reported per-CC. 

	Xiaomi
	Yes
	Per CC
	Same view as MTK

	Ericsson
	No
	
	Same view as Nokia.



Considering one carrier configured to UE can up to 100MHz in FR1 and 400MHz in FR2, only indicating reduced number of CCs seems not effective, the reduced BWP width could be requested by the UE [2].
Question 2: Do companies agree that reduced BWP width (for UL and DL separately) could be included in the overheating assistance information?
	Company
	Yes/No?
	If yes, reported per UE or per FR or per CC?
	Comments

	MediaTek
	Yes
	CC
	As with the MIMO rank, we think it makes sense to follow the existing capability signaling and indicate the requested bandwidth per CC.

	LG
	Yes
	Per CC
	

	OPPO
	Yes
	Per CC
	In our understanding, to relieve the overheating issue, the maximum bandwidth per CC and also aggregated bandwidth will have some impact on overheating issue.

	Huawei
	Yes
	Per UE
	It not necessary to indicate different preferred BWP widths for different CC. A reduced BWP width can be reported and this value is applied to each CC.

	Apple
	Yes
	Per CC/Per FR
	Reducing the transmitting BWP is helpful to resolve the overheating problem.

	Samsung
	No
	
	NW could provide a proper configuration with reduced CCs and reduced aggregated BW. We would like to avoid too much signalling burden.

	Nokia, Nokia Shanghai Bell 
	No
	
	Similar impacts as observed for reduced MIMO rank: NW should be able to provide updated configuration already based on reduced CCs (agreed). Otherwise (if reduced BWP is to be indicated separately per UL and DL), we believe the UE should be able to reliably detect what part of the overheat was caused by UL or DL.   
The received information, if agreed, will have to be set consistently with the ongoing BWPs configuration, otherwise, inconsistent input may result in getting by the NW unmanageable inputs from the UE.

	Qualcomm Incorporated
	Neutral
	
	This indication will certainly substitute the “reduced UE category” defined in the LTE solution. However it seems reasonable to introduce something simpler at this late stage of release-15.

	Intel
	Yes
	Per-CC
	We agree that per-CC BWP BW would help in overheating.

	ZTE
	No
	
	With the “reduced aggregated bandwidth”, we don’t see the need to have the reduced BWP width.

	vivo
	Yes
	
	We don’t have much preference on the granularity for this signaling. But reduce BWP width will be benefit for the overheating issue.

	Xiaomi
	No
	
	Same view as Samsung

	[bookmark: _Hlk528563304]Ericsson
	No
	
	The agreed indication of the reduced number of CCs should be sufficient to perform the UE reconfiguration. 



Allowing the UE to provide the particular CCs to be released, can help the UE choose the ones where the configured BW is high, and thus be effective in resolving the UE situation [3].
Question 3: Do companies agree that PSCell/SCell(s) indication could be included in the overheating assistance information, which indicating the specific PSCell/SCell(s) to be released?
	Company
	Yes/No?
	If yes, reported per UE or per FR or per CC?
	If yes, indicated for UL and DL separately?
	Comments

	MediaTek
	No
	
	
	We don’t see this as necessary, as long as the UE can request reduction of bandwidth and maximum number of CCs.

	LG
	Yes
	Per UE
	Yes, separately
	Since the active BWP and related configuration e.g. SSB, CSI-RS resources can be different cell by cell in NR, specific cell indication may be the best explicit solution to resolve overheating problem.

	OPPO
	No
	
	
	We don’t think this is needed, since as mentioned before, the key issue is the CC number.

	Huawei
	No
	
	
	Seems complicated and unnecessary.

	Apple
	Yes
	Per UE
	Yes
	Alternatively, it can be represented as the way that UE indicates one serving cell with BWP=0. 

	Samsung
	No
	
	
	It is assumed that NW is also identifying that it’s best to release a certain CC between PSCell and SCell(s).

	Nokia, Nokia Shanghai Bell
	No
	
	
	Seems optimized next to the assistance information on reduced CC.

	Qualcomm Incorporated
	No
	
	
	Additional gain compared to the indication of reduced number of CCs is unclear.

	Intel
	Yes
	Per-UE(?)
	Yes separately
	Specific cell indication can help both the UE and NW in handling overheating. UE can select the cells which when released can help the situation, and from NW perspective, could simplify the scheduler to release the requested cells, than accommodate individual params (per-CC BW, or MIMO etc..). We also agree that this is trying to address the same parameters provided through per-CC: MIMO/BW etc.. and we do not need both. 

We also did not fully understand what is implied by per-UE or per-CC here. The UE request the list of cells to be released, so what is the relevance to perCC?

	ZTE
	No
	
	
	No clear benefit can be seen on this and we think “reduced number of CCs” is quite enough.

	vivo
	No
	
	
	Actually, we think can be up to NW to identify. 

	Xiaomi
	No
	
	
	We don’t any obvious benefit to include this.

	Ericsson
	No
	
	
	We think this overlaps with the agreed indication of reduced number of CC, without clear benefits.



As described in [3], we can make this more effective in NR SA, by allowing the UE to also provide the specific carriers that it want to be released or by providing the aggregated BW across all the carriers that UE can support, or by limiting the MIMO layers the UE can support along with providing the number of CCs to reduce.
Question 4: Do companies agree that reduced aggregated bandwidth across all carriers could be included in the overheating assistance information?
	Company
	Yes/No?
	If yes, reported per UE or per FR or per CC?
	If yes, indicated for UL and DL separately?
	Comments

	MediaTek
	Neutral
	Seems per UE by definition
	Yes
	This could be discussed further.  It seems a little strange to add together bandwidths from widely different frequency ranges, using different numerologies, supporting different data rates, etc,. as if they were uniform, so this may be less useful than requesting reduced bandwidth per CC.

	LG
	No
	Per FR
	Yes
	We slightly do not prefer to introduce this information. We wonder if other RF or band information such as MIMO, BWP information is enough to handle this case.

	OPPO
	Yes
	Per FR
	Yes
	In our understanding, to relieve the overheating issue, the maximum bandwidth per CC and also aggregated bandwidth will have some impact on overheating issue.

	Huawei
	No
	Per UE
	Yes
	If reduced BWP width in Q2 is agreed, it seems unnecessary to have this indication simultaneously. If reduced BWP width cannot be agreed, it’s OK to introduce this indication since at least UE needs some information for indicating the preference on bandwidth.

	Apple
	Yes
	Per FR
	Yes
	[bookmark: OLE_LINK2][bookmark: OLE_LINK1]It can be explicated indicated or implicitly via the reduced CC and reduced BWP per CC information.

	Samsung
	Yes
	per UE
	Yes
	We prefer to have the aggregated BW rather than BWP width

	Nokia, Nokia Shanghai Bell
	No
	
	
	Aggregated vs Reduced BWP could be elaborated further. For now, we do not prefer taking rushed decision on contents related to BWPs, as this requires better understanding on assistance information settings (how the UE knows what BWP indication would relief its overheat) and consistency.

	Qualcomm Incorporated
	Yes
	Per UE
	Yes
	This indication will certainly substitute the “reduced UE category” defined in the LTE solution.

	Intel
	Neutral
	Per-CC
	Yes
	We have the same comments as Huawei, we prefer per-CC signaling, and if that is not accepted, then per-UE would be the option to discuss.

	ZTE
	Yes
	Per FR
	Yes
	Since the bandwidth supported by UE may be quite large in NR, we see some benefit to have a per FR “reduced aggregated bandwidth” in NR for the overheating issue.

	vivo
	
	
	
	In our understanding, this can be achieved by reduce the CC number or reduce the bandwidth of BWP.

	Xiaomi
	No
	
	
	Same view as Nokia

	Ericsson
	No
	
	
	Same view as Nokia.



As described in [4], it would be good if the UE can provide some assistance/indication that can be used to request release of FR2 (and/ or possibly FR1) related configurations and thereby switching off RF components.
Question 5: Do companies agree that FR indication could be included in the overheating assistance information, which indicating the FR(s) to be released?
	Company
	Yes/No?
	If yes, reported per UE or per FR or per CC?
	Comments

	MediaTek
	No
	
	Similar to indicating cells to be released (Q3), we don’t see that this is necessary if the UE can request reductions in number of CCs and bandwidth per CC/per FR.  The UE could request an extreme reduction in the bandwidth of the problematic FR.

	LG
	Yes
	Per FR
	We don’t have strong view but it may bring more flexibility to handle the overheating problem in the network point of view.

	OPPO
	No
	
	We think this has been covered by previous answer.

	Huawei
	Neutral 
	Per UE
	Same view with LG, but it can be reported per UE.

	Apple
	Yes
	Per FR
	UE can explicitly indicate it or implicitly indicate via the reduced CC and reduce BWP per CC info.

	Samsung
	Yes
	Per UE
	Typically, it’s assumed that CCs belonging to a same FR are covered by a same RF. One simple way to mitigate overheat is to turn-off a RF. The FR indication is helpful to reduce signalling overheat.

	Nokia, Nokia Shanghai Bell 
	No
	
	We were hoping that FR2 capable devices will be able to operate with its dedicated bands. If the FR2 is in use, then it will be easy NW decision to reconfigure it, no need to indicate that in addition.

	Qualcomm Incorporated
	Yes
	Per UE (FR2 release indication)
	This is our most preferred solution. This looks like a nice way to define a simple “per UE” indication in release-15. FR2 largely contributes to power consumption and processing in the UE.  In our view, it is beneficial to be able to release an independent “chain” of RF and processing to mitigate overheating.

	Intel
	Neutral
	Per-UE
	We do not quite understand how per-CC would work with FR1/FR2 indication, but explicit per-CC signaling also covers this. If per-CC signaling is not accepted, then this can be one option to use.

	ZTE
	No
	
	With the per FR “reduced aggregated bandwidth”, the FR indication is not needed.

	vivo
	
	
	Similar as the above issue, we don’t see any motivation for this indication. 

	Xiaomi
	No
	
	We don’t any obvious benefit to indicate this.

	Ericsson
	No
	
	As we previously stated in Q2, the reduced number of CCs should be sufficient for the overheating indication.



Question 6: Except for the contents mentioned above, are there any other indications required to be included in the overheating assistance information? If the answer is yes, please give the indication(s) and reasons in the following table.
	Company
	Any other indication(s)?
	Comments
(Reasons? Per UE/FR/CC? UL/DL separately?...)

	MediaTek
	Duty cycle and further CA restrictions
	As discussed in [5], we see value in allowing the UE to request a maximum duty cycle.  The network could meet such a request either with DRX parameters or at the slot level using the monitoringSlotPeriodicityAndOffset and duration parameters, depending on the traffic requirements.  We assume this would be per UE.

In addition, we think the UE can benefit from restricting CA to configurations that allow control of the PA configuration, e.g. reducing to a single active PA.  We will bring a related contribution.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



3	Summary
Question 1: Do companies agree that reduced MIMO rank (for UL and DL separately) could be included in the overheating assistance information?
10 companies think reduced MIMO rank should be introduced which is good for relieving the overheating issue, 2 company thinks reduced MIMO rank is not needed, 1 company keeps neutral and prefer something simpler at this late stage.
· For the 10 companies answering yes to Question 1, 9 companies think reduced MIMO rank should be reported per CC, 1 company thinks reduced MIMO rank should be reported per UE for simplicity.
Proposal 1: Reduced MIMO ranks for UL and DL are separately included in overheating assistance information and are reported per CC.

Question 3: Do companies agree that PSCell/SCell(s) indication could be included in the overheating assistance information, which indicating the specific PSCell/SCell(s) to be released?
10 companies think PSCell/SCell(s) indication is not needed, 3 companies think PSCell/SCell(s) indication should be introduced and be reported per UE.
Proposal 2: PSCell/SCell(s) indication is not needed for overheating assistance information in Rel-15.

Question 2 and Question 4 are analyzed together.
Question 2: Do companies agree that reduced BWP width (for UL and DL separately) could be included in the overheating assistance information?
7 companies think reduced BWP width should be introduced, 5 companies think reduced BWP width is not needed, 1 company keeps neutral and prefer something simpler at this late stage.
· For the 7 companies answering yes to Question 2, 4 companies think reduced BWP width should be reported per CC, 1 company thinks per CC or per FR is OK, 1 company thinks reduced BWP width should be reported per UE for simplicity but the value is applied to each CC, 1 company doesn’t have much preference on the granularity for this signaling.
Question 4: Do companies agree that reduced aggregated bandwidth across all carriers could be included in the overheating assistance information?
5 companies think reduced aggregated bandwidth should be introduced, 5 company think BWP width information is enough and additional reduced aggregated bandwidth is not needed, 3 companies think aggregated bandwidth vs BWP bandwidth could be elaborated further.
· 4 companies answering question think reduced aggregated bandwidth should be reported per UE, 4 companies answering question think it should be reported per FR, 1 company answering question think it should be reported per CC. All companies answering question think it should be indicated for UL and DL separately.
Analysis for Question 2 and Question 4 combined
5 companies prefer reduced BWP width, 3 companies prefer reduced aggregated bandwidth, 2 companies prefer both reduced BWP width and reduced aggregated bandwidth introduced, 3 companies think aggregated bandwidth vs BWP bandwidth could be elaborated further. All in all, 10 companies think some bandwidth information should be introduced in overheating assistance information. 
Proposal 3: Some bandwidth information should be introduced in overheating assistance information to address the overheating issue. 
Proposal 4: RAN2 to confirm which indication(s) should be introduced in overheating assistance information
· BWP width (FFS reported per UE or per FR or per CC)
· Aggregated bandwidth across all carriers (FFS reported per UE or per FR or per CC)

Question 5: Do companies agree that FR indication could be included in the overheating assistance information, which indicating the FR(s) to be released?
7 company think FR indication is not needed, 4 companies think FR indication should be introduced, 2 companies keep neutral.
· 4 companies answering question think FR indication should be reported per UE, 2 companies answering question think FR indication should be reported per FR.
Proposal 5: FR indication is not needed for overheating assistance information in Rel-15.

Question 6: Except for the contents mentioned above, are there any other indications required to be included in the overheating assistance information? If the answer is yes, please give the indication(s) and reasons in the following table.
1 company thinks maximum duty cycle and PA configuration, e.g. reducing to a single active PA can be included in overheating assistance information. But no other companies support these indications or give any comments.
Proposal 6: UE preference on maximum duty cycle and PA configuration for overheating assistance information are not needed for overheating assistance information in Rel-15.
4	Conclusion
Proposal 1: Reduced MIMO ranks for UL and DL are separately included in overheating assistance information and are reported per CC.
Proposal 2: PSCell/SCell(s) indication is not needed for overheating assistance information in Rel-15.
Proposal 3: Some bandwidth information should be introduced in overheating assistance information to address the overheating issue. 
Proposal 4: RAN2 to confirm which indication(s) should be introduced in overheating assistance information
· BWP width (FFS reported per UE or per FR or per CC)
· Aggregated bandwidth across all carriers (FFS reported per UE or per FR or per CC)
Proposal 5: FR indication is not needed for overheating assistance information in Rel-15.
Proposal 6: UE preference on maximum duty cycle and PA configuration for overheating assistance information are not needed for overheating assistance information in Rel-15.
The corresponding CRs are provided in R2-1818032 and R2-1818033.
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