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Discussion and Decision
1      Introduction
In the last NR June Adhoc, the signaling reduction schemes for NR UE capabilities was discussed and the following has been agreed. 
Agreements for NR UE capabilities:

1: 
NR will support gNB requested band combination signalling. 

2: 
For gNB requested band combination signalling the gNB can provide super-set BCs. 

3
UE can skip subset of band combinations if corresponding UE capabilities are the same.  

4
RAN2 aim not to duplicate band combinations to indicate the combination of DL bands and UL bands.

5
RAN2 aim to introduce per UE baseband capabilities separated from the band combinations (e.g. FD-MIMO capabilities, number of CSI processes, etc) and minimise per band combination signalling.

Especially, regarding agreement 5, there is a view that further detailed solutions can be discussed to have better understanding and aim to decide the high level solution in August meeting. Therefore, RAN2 decided to have email discussion as follows. 
· [NR-AH2#09][NR/] UE capabilities (Intel)


Progress the possible solutions for introducing per UE baseband capabilities separated from the band combinations and minimise per band combination signalling (i.e. related to agreement 5 for R2-1707021). Aim to decide the high level solution in August meeting.

Intended outcome: Report to next meeting


Deadline:  Thursday 2017-08-03 

2      List of potential solutions
In this section, potential solutions are summarized and companies are encouraged to provide any questions/comments. 
Solution 1: baseband capability combination set [1]

The set of supported baseband capability combinations are indicated per UE and each capability combination includes the number of CCs, bandwidth and the number of MIMO layers. The gNB can know the supported baseband capability combinations associated to the corresponding CA/bandwidth/MIMO.  
For example, let us assume there are baseband capabilities A (1,2,3), B (1,2,3), C(1,2,3). The value 1,2,3 corresponds values for concerned capabilities for illustation purpose. For example, for CSI process capability, it is {1,2,4,8} number of CSI processes. 
The following table shows the example of baseband capability combination set. 

	Entry #
	 # of CCs
	# of MIMO layer per CC
	Bandwidth of each CC
	Baseband capability combination

	1
	1
	2 layer at CC1


	10MHz at CC1
	CC1: A(3) + B(3) + C(2)

	2
	2
	4 layer at CC1

4 layer at CC2
	10MHz at CC1

10MHz at CC2
	CC1: A(2)+B(2)+C(2)

CC2: A(2) +B(1)+C(1)

	…
	
	
	
	

	N
	
	
	
	

	
	
	
	
	


Discussion #1: companies are encouraged to provide any questions/comments on solution 1. 

	Company
	Questions/comments 

	Ericsson
	If we understand correctly, columns 2, 3 and 4 in the table above define combinations of “non-baseband capabilities”. For each such combination of non-baseband capabilities, the last column provides a combination of “baseband capabilities”. In this example there are three baseband capabilities that depend on three non-baseband capabilities. Correct? 
Do you envision that there could be several entries (rows) for a single combination of “# of CCs”, “# of MIMO layer per CC”, and “Bandwidth of each CC”? E.g., could the UE in addition advertise “CC1: A(1) + B(4) + C(1)”, “CC1: A(1) + B(3) + C(2)”, “CC1: A(1) + B(2) + C(2)”, “CC1: A(1) + B(1) + C(3)”, “CC1: A(3) + B(3) + C(2)”… and possibly many more for “1 CC, 2 layer at CC1, 10MHz at CC1”? Wouldn’t that also result in a pretty large table with many combinations of the baseband- and non-baseband capabilities? 

In [1] you seem to list 6 baseband capabilities in addition to the 3 non-baseband capabilities which will result in even more combinations. Did you make any assessment on the expected size of the signaling structure?

We agree, that this could still be better than listing all permutations for each band combination (which may happen in LTE). But we think RAN2 should aim to further reduce the explicitly listed processing combinations.
There was a similar proposal by Huawei in [3]. We would appreciate if proponents of [1] and [3] could explain the differences and commonalities. One difference in [3] seems to be that the MIMO capability is signaled per band (not band combination) and as a processing capability. That seems to be more efficient in terms of overhead. 

	Intel2
	Regarding Ericsson’s 1st question, yes, it is correct understanding except # of CCs, MIMO layers and bandwidth are also baseband capabilities but affected by RF/band combinations. 

Regarding Ericsson’s comment on the signaling overhead, we agree that it can increase signaling overhead if the UE wants to support a large number of combinations. it should be tradeoff between flexibility and signaling overhead. Therefore, it can be controlled by the UE implementation i.e. From standard point of view, we can consider to limit the maximum size of combinations e.g. having a fixed maximum size of total combinations or having a fixed max number of combinations per # of CCs, MIMO layers, etc. 

Regarding Huawei’s solution (thanks a lot for sharing it), I added it as solution 3. Please also see our comment on solution 3. 

	Qualcomm Incorporated
	First of all, we maintain our position from the last meeting that RAN2 is not the right place to discuss feasibility of solutions for UE capability generalization. Having less flexibility in UE capability signaling would affect UE implementation flexibility and in turn result in underutilization of the true capability of the UE.
On this specific proposal, we do not agree that MIMO layer capability can be generalized only within basedband capability. MIMO layer capability is also affected by RF implementation. We believe the intention of this solution is to still have a separate per band per band combination signalling for MIMO layer capability (should be clarified by the proponent).
We agree that the number of configured CCs and the total aggregated bandwidth affect overall baseband capability of the UE. But once we include both of them in the picture, the number of possible combinations will significantly increase, and then the gain of this solution, as compared to the existing UE capability signalling with the reduction schemes available today, may not be so great after all.

	MediaTek
	Does UE provide one table for each baseband capability, e.g. CA, MIMO, CSI process, NAICS, or one joint table for all baseband capability? For baseband capability, usually all UE support basic capability like CA and MIMO, etc. then optionally support advanced capability, like NAICS, etc. Therefore, it is better to split basic and advanced baseband capability into separate table.

Does bandwidth need to be baseband capability table? Or UE only provide baseband capability based on bandwidth in band combination.

	NTT DOCOMO
	We share the same view as Ericsson and Qualcomm pinpointed. Even though the number of CCs, MIMO layers per CC and BW of each CC is the same, wouldn’t it be the case that different band combination support different BB capability combination? If so, the total signaling size is the same as in the current LTE in the worst case. Of course, if there is the commonality amongst the band combinations with the same number of carriers, bandwidth, I agree that the signaling size can be reduced compared to LTE. The gain over LTE hinges on the number of possible BB capability combinations for a given number of CCs, MIMO layers, BW.

	CATT
	We have similar understanding to Ericsson and NTT DoCoMO on this solution regards to signaling overhead reduction. The amount of signaling reduction compared to LTE depends on how much restriction has been considered for different band combination support of different BB capability combination. As the signaling reduction of this solution directly depends on the base band capabilities, other WGs inputs are essential for the evaluation of signaling overhead.

In addition, in case of new baseband parameter introduction, it seems we have to add the new entries for the new parameters’ combination, and then the table would become even larger. 

So before we have more information on the baseband specific parameter and the potential combination, we cannot judge now whether the new baseband combination set is helpful to reduce the capability signaling overhead.


	Nokia
	We share the same view that the capability size reduction is a function of the number of combinations that needed to be supported. As additional information, it would be good to understand how baseband capabilities for DL and UL will be organized. Due to the decoupling suggested for baseband capabilities our understanding is that this means that some linking needs to be made between the band combination and the baseband capabilities.

	Huawei, HiSilicon
	It is generally beneficial to have baseband capability combination set to report baseband capability compared with current LTE bandcombination structure from capability size reduction perspective.
For solution 1, compared with solution 3, more combinations have to be listed. 
It shall be noted that MIMO capability would be impacted by both base band capability and RF capability, and thus it should be reported in both baseband capability part and RF capability part and the network will consider the constraint form both parts when configuring the operation of the UE.


Solution 2: cost function based baseband capability [2]
Baseband capabilities are expressed as cost function. The UE indicates overall processing capabilities and individual processing cost. It is understood that the UE should support any combination of features if the sum of processing cost of some features are lower than the overall processing capability of the UE.    

From [2], the following is described as an example. 

The UE indicates its features as a combination of capability and cost. 
-
Total processing budget:




2000

-
MIMO processing cost per carrier: 
2 Layer: 500; 4 Layer: 1200

-
NAICS processing cost per MHz: 

50

-
CSI processing cost per CSI-Process:
600

Although MIMO processing is indicated, the MIMO capability is signaled additionally per band because it is affected by RF. And, it is assumed that the UE can support any combinations of NAICS and CSI processing if the total cost is lower than or equal to Total processing budget. 
As usually done for LTE, RAN2 and RAN4 would have to discuss for each feature whether the capabilities scale with the number of carriers (MIMO processing), with the bandwidth (NAICS) or with the number of instances (e.g. CSI processes). But unlike LTE, RAN2 would not include the capability signaling at a corresponding place into the band combination structure but rather define the processing cost unit accordingly (see bullet list above: “cost per process”, …). Each UE implementation may then decide on the cost value and on the total capability budget. 
Discussion #2: companies are encouraged to provide any questions/comments on solution 2. 

	Company
	Questions/comments 

	Intel
	Is it correct understanding that the UE should support all combinations if the sum of processing cost is not larger than total processing budget?  

	Ericsson
	In response to Intel: Yes, this is basically the assumption. The goal was to avoid a large number of combinations of baseband capabilities explicitly (our concern with the table in solution 1). It should be noted that in solution 2 a UE vendor defines the values for the total processing budget and the values for the per-feature cost. This should account for different implementation: For one implementation NAICS may turn out heavier while another implementation requires more CPU resources for MIMO. 
In addition one could of course consider a per-UE indication of the number of supported CSI processes (e.g. indicate that a UE supports only 1 or 3 CSI processes and not 2 or 4). With that, we wouldn’t see any difference compared to solution 1 in terms of UE requirements but smaller signaling size compared to the table suggested in solution 1.

	Qualcomm Incorporated
	First of all, we maintain our position from the last meeting that RAN2 is not the right place to discuss feasibility of solutions for UE capability generalization. Having less flexibility in UE capability signaling would affect UE implementation flexibility and in turn result in underutilization of the true capability of the UE.
We think this solution is not straightforward. UE processing cannot always be flexibly shared among different features, and using a combination of features may require more processing than the sum of the processing incurred when those features are used standalone. We would also like to point out that the number of configured CCs and the total aggregated bandwidth affect overall baseband capability, which are not listed in the example above.

	MediaTek
	As pointed out by Intel, the assumption of cost function method is UE can support all combination of baseband features within total budget. But in reality, due to mixed hardware design, UE baseband resource is not fully flexible, so the assumption is not valid. If UE has to indicates additional restriction beyond “standardized” cost, there is not much benefit over solution 1.

In addition, Is it not clear how will RAN2 or RAN4 discuss and define the granularity and steps of total budget and cost of each feature. 

	NTT DOCOMO
	From RAN2 specification viewpoints, it apparently looks simple and enables to reduce the signaling size. On the other hand, the key open issue to judge the feasibility is how RAN4 can specify the performance requirement. For instance, what is the expected performance for a UE to declare a certain cost value for the target feature? Another example is the definition of the total processing budget. What is the expected performance if the total processing budget is used? It should also be clarified how the test spec is specified. It is hard for RAN2 ourselves to make a decision to go for this solution direction. RAN4 should be involved with this topic as early as possible in particular if this solution is considered for Option 3.

	CATT
	The success of this solution depends on how accurate the definition of cost function and valuation of cost of each feature in comparison to other features when it is applied to each feature alone and in combination. We see some possibility of signaling reduction with this approach. However with condition on the UE that all possible capability combination to be supported and accurate definition of cost function. Any deviation should be informed with explicit signaling. 
Since it is difficult for RAN2 to evaluate cost function for different features, RAN4 should study the feasibility of this solution first.

	Nokia
	RAN4 input seems to suggest that the cost per feature (MIMO/NAICS/CSI) is not so trivially derived and there are overlapping aspects wherein dependencies between features need to be also considered. However, we are open to understand the details on this solution and understand its scalability; for example, a practical realization of the solution and how much effort is needed to update it when the UE architecture evolves.

	Huawei, HiSilicon
	The option could minimized signaling load for BB capability report, but and it require the totally share of BB resource across all the baseband capabilities. it will put serious restriction on UE implementation, RAN4 should be involved in the evaluation 


Solution 3: maximum in total and maximum per CC based baseband capability combination set [3]

In this option, the UE indicates the possible combination of based band capability and any sub set of the commination are supposed to be supported by the UE as shown below: 

	CSI
	MIMO
	Total CC number 
	

	Maximum processes in total
	Maximum processes per CC
	Maximum layers in total
	Maximum layers per CC
	
	

	12
	4
	16
	4
	6
	

	10
	4
	20
	4
	6
	

	4
	4
	24
	4
	6
	


	Company
	Questions/comments 

	Intel2
	We understand that solution 3 is quite aligned with solution 1 in high level. The difference from solution 1 is that only total and maximum per CC capability are indicated instead of capability @ each CC.

This approach could reduce the signaling overhead while increasing the number of combinations that the UE needs to support. Whether this approach is really working in NR should be studied further after the specific NR capability is defined in RAN1/RAN4. 

	MediaTek
	This is similar to what we did with NAICS capability. We also think this belongs to Solution 1 family, the difference is on whether indicate max number or list all combination.

Question: how to signal other baseband capability? In the same table or additional table?  

	NTT DOCOMO
	We think that Solution 3 could be considered as a sort of cost function focusing on a specific feature, i.e. defining total cost (total layers per UE) and cost per CC (layers per CC). If the solution is aimed at reducing the signaling size for one feature, it seems to be simplified and more feasible compared to the solution mixing multiple features (i.e. Solution 2).

	CATT
	We share similar view to Intel on this solution. Signaling overhead of this solution compared to solution 1 could be less. This solution is similar to solution 1 hence has the same concerns on the signaling overhead reduction and possible introduction of new parameters later and it’s impact on signaling.

	Nokia
	Agree that this is a similar solution to Solution 1.

	Huawei, HiSilicon
	Intel understanding is correct. The general idea is similar as option1, the difference is we don’t need to list all the possible CC combinations and only indicate the several upper boundaries for the baseband combination. Therefore the overhead is less than solution 1.
Answer to MediaTek, the capabilities which would share the same BB resources would be in the same table, the capabilities which wouldn’t share the same BB resources could be put into different tables.


Solution 4: any other solution? 

Companies are encouraged to provide any other solution if available. 
3      Comparison
Criteria 1: signaling reduction gain
Solutions should provide signaling reduction gain compared to per band/band combination signaling that is used in LTE. 

Discussion #3: companies are encouraged to provide whether each solution can meet this criteria. 
	Company 
	Comments 

	Intel
	Both options should require less signaling overhead compared to LTE band combination signaling. 

	Ericsson
	We agree with Intel that both solutions can help to reduce the number of fallback band combinations that UEs need to include. This is good!
As indicated above, we still wonder how large the additional table of solution 1 may grow and whether it avoids including any fallback band combinations in the supportedBandCombination table. 

	MediaTek
	Both solution can reduce duplication across different band combination and even each CA/MIMO entry.

	NTT DOCOMO
	We also agree that all solutions can reduce the signaling size, although for Solution 1, it hinges on the number of possible BB capability combinations for a given number of CCs, MIMO layers, BW as commented to Solution 1 in section 2.

	CATT
	All solutions can reduce the signaling overhead. But for solution 1, how large the table size depends on the parameter number and the potential combination number.

	Nokia
	Agree that all solutions have the potential to reduce the size of capability. With sufficient details on each of these solutions, it will be easier to comment the exact pain v/s gain.

	Huawei, HiSilicon
	We think all solutions could reduce signaling cost somehow, and at the same time we need to leave the enough flexibility for implementation.


Criteria 2: feasibility of standardization

Solutions should be feasible to standardize with reasonable complexity. In addition, solutions should be future-extensible 

Discussion #4: companies are encouraged to provide whether each solution can meet this criteria. 
	Company 
	Comments 

	Intel
	Solution 1: feasible

· RAN2 already received feedback from RAN1/4 saying that some UE capabilities are considered as baseband capabilities although it is affected by the number of carriers, bandwidth and the number of MIMO layers. Therefore, we see that it is feasible to define baseband capability combination sets. 
Solution 2: FFS

· RAN2 would need to consult with RAN1/RAN4 on the feasibility especially how baseband capabilities can be defined with individual cost function per carrier per bandwidth. 

	Ericsson
	Both solutions seem feasible. But it is difficult to predict their efficiency in terms of signaling overhead as it depends a lot on the number of combinations that a UE may list in the capability table in solution 1 as well as in the band combination table. 

	Qualcomm Incorporated
	We maintain our position from the last meeting that RAN2 is not the right place to discuss feasibility of solutions for UE capability generalization. Having less flexibility in UE capability signaling would affect UE implementation flexibility and in turn result in underutilization of the true capability of the UE.

	MediaTek
	Solution 1 is clearly feasible. Solution 2 has many unknowns and not feasible. NR is expected to support wide range of configurations, we worry about the massive combinations and tests that come with Solution 2.

	NTT DOCOMO
	From RAN2 specification viewpoints, both solutions could be specified. On the other hand, the feasibility in the RAN4 specification needs to be assessed by RAN4, in particular for Solution 2.

	CATT
	The feasibility of solution 2 should be studied in RAN4 first.

	Nokia
	Agree with NTT Docomo and CATT.

	Huawei, HiSilicon
	Agree with MediaTek, in addition, solution 3 is similar to solution 1, it is also feasible.


Criteria 3: UE implementation flexibility/complexity

Solutions should provide flexible UE implementation and should not cause complexity. 

Discussion #5: companies are encouraged to provide whether each solution can meet this criteria. 
	Company 
	Comments 

	Intel
	We think Solution 2 seems to be an exhaustive approach if the UE should be able to support all the baseband capability combinations as long as the sum of processing costs is under the total cost budget. This approach may cause ambiguity in IOT because there is no explicit boundary of the combination of features.  

	Ericsson
	In response to Intel: Since a UE vendor defines the values both for the processing cost as well as for the processing capability he is also in control of the overall number of supported feature combinations. In addition one could of course consider a per-UE indication of the number of supported CSI processes (e.g. indicate that a UE supports only 1 or 3 CSI processes and not 2 or 4). With that, we wouldn’t see any difference compared to solution 1 in terms of UE requirements. 

	Qualcomm Incorporated
	Both solutions affect UE implementation flexibility if the UE implementation has to follow what the UE can signal via RRC as proposed in each solution. If we keep the UE implementation flexibility that we have today, both solutions lead to underutilization of UE capability.

	MediaTek
	As mentioned above, the assumption of Solution 2 is only theoretical. In reality, with Solution 2, UE implementation has to consider many more boundary cases.

	NTT DOCOMO
	UE implementation would be flexible if the cost value were defined as the UE vendor wishes. On the other hand, how to guarantee the performance has to be taken into account as comment to Solution 2 in section 2, which could also affect the UE implementation.

	CATT
	We share Qualcomm views that both solutions would have impact UE implementation flexibility and complexity. It is difficult to compare solutions without details.

	Nokia
	We agree with Qualcomm and CATT on the part that it is rather difficult to comment on the way forward without further details.

	Huawei, HiSilicon
	Agree with MediaTek


Criteria x: any other criteria?

Companies are encouraged to provide any other criteria if available. 

Please indicate if you have preference from candidate solutions. 

Discussion #6: companies are encouraged to provide whether each solution can meet this criteria. 
	Company 
	Preferred solution 

	Intel
	Solution 1

	Ericsson
	Solution 2 unless there is evidence that solution 1 also results in reasonable signaling overhead. For that, both the size of the band combination table and the size of the processing capability table should be evaluated further. 

	MediaTek
	Solution 1 alike

	NTT DOCOMO
	Hard to express our view until receiving the feedback from RAN4.

	CATT
	More information from RAN 4 is required to progress on solution comparison

	Nokia
	It is rather difficult to make a concrete statement at this point of time. What we know from RAN4 and RAN1 input is that the same flexibility of LTE capability signalling needs to be maintained. With this objective, each of the solutions needs to be analyzed for their relative merits/demerits.

	Huawei, HiSilicon
	We prefer to baseband combination set like solution(soution1/3) 


4       Email discussion summary & recommendation

Total 8 companies (Ericsson, Intel, Qualcomm Incorporated, MediaTek, NTT DOCOMO, CATT, Nokia, Huawei/HiSilicon) shared their view. 

Part 1- solutions:

Solution 1: baseband capability combination set [1]

· Some companies asked which capabilities are considered as baseband capability. It was clarified that in the example table, only A, B and C are baseband capabilities but # of CCs, MIMO layers and bandwidth are also included because these affect baseband capabilities. It should be also clarified that # of CCs, MIMO layers and bandwidth information should be indicated in band combination same as in the existing signaling.

· Relationship with DL/UL decoupling discussion: need to further study after UL and DL decoupling makes progress. 
· The main question is how much it provides signaling reduction gain compared to LTE. 3companies (Intel, MediaTek, Huawei/HiSilicon) see that there is signaling reduction gain, while 3 companies (Ericsson, NTT DCM, CATT) mentioned that the signaling reduction gain may not be achieved if the number of combinations is increased. One company (Qualcomm) mentioned that RAN2 cannot decide the feasibility. 
Solution 2: cost function based baseband capability [2]

· It was clarified that UE should support all combinations if the sum of processing cost is not larger than total processing budget.

· The main question is whether it is feasible to define cost-function to represent baseband capability feature and whether it is feasible to define RAN4 performance requirements. 5 companies ( Intel, MediaTek, NTT DOCOMO, CATT, Nokia, Huawei/HiSilicon) suggest to discuss in RAN4. 

Solution 3: maximum in total and maximum per CC based baseband capability combination set [3]

· 6 companies (Intel, MediaTek, NTT DCM, CATT, Nokia, Huwaei/HiSilicon) mentioned that this solution 3 is variation of solution 1. 

Part 2- Comparison:

· Criteria 1: signaling reduction gain

· Most of companies mentioned that all solution can provide signaling reduction gain compared to LTE. For solution 1, the level of gain should be dependent on the size of combinations.  

· Criteria 2: feasibility of standardization

· Three companies mentioned all solutions are feasible from RAN2. Three companies viewed that solution1/3 is feasible while solution 2 needs RAN4 study. One company think that RAN2 is not the right WG for feasibility discussion. 

Part 3- Preferred option

· Solution 1 : 2 companies (Intel, MediaTek)

· Solution 2: 1 company (Ericsson)

· Solution 3: 1 company (Huawei)

Recommendation

Solution 1/3 seems to get more support compared to solution 2 and many companies think solution 1/3 is feasible although RAN2 need to consult with RAN4. Based on RAN2 email discussion, the following is recommended.

· RAN2 study solution 1/3 for more details to identify if it can provide reasonable signaling gain. 

· RAN2 sends LS to ask RAN4 view on solution 1/3. 
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