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1. Introduction
This email discussion is to discuss UE capability coordination for EN-DC and NG-EN-DC as shown below.
[98#29][NR] Capability coordination (DOCOMO)
	Capture the alternative approaches for capability coordination for EN-DC and NG-EN-DC. Focus should be on the coordination of the LTE and NR band combinations and baseband capabilities that may be dependent on the band combination (e.g. MIMO and CSI process capability). Aim is to provide clarity on the options to enable a decision to be made in the meeting. Aspects to consider: the UE capability information available to each node, and the information to be exchanged between the node in order to enable capability coordination.
	Intended outcome: 	Report to next meeting
					Deadline:  Thursday 2017-06-08
To achieve the goal, the focus of attention is to track down the alternative approaches and their pros and cons to prepare for the decision to be made at the next meeting.
2. Discussion
2.1. Coordination of LTE-NR band combinations
At RAN2 #98, the following was agreed:
Agreements for capability coordination for EN-DC and NG-EN-DC
1:	For each LTE BC in the UE capabilities at least the possible NR frequency bands that can operate with this LTE BC should be visible to the LTE MN.
The possible frequency bands have to be known to the LTE MN to configure inter-RAT measurements on potential NR carriers to be configured in SCG before LTE-NR DC is set-up. Although it was agreed for (NG) EN-DC, the same principle is need for the NR MN as well. To specify the common coordination mechanism to (NG) EN-DC and NE-DC as much as possible, the rapporteur would like to check if the common consensus can be built before plunging into the coordination mechanism.
Discussion 1:	For NE-DC, do companies agree that for each NR BC in the UE capabilities at least the possible LTE frequency bands that can operate with this NR BC should be visible to the NR MN?
	Company name
	Yes or No to Disc. 1
	Comment to Disc. 1 if any

	Nokia
	Yes
	The supported inter-RAT frequency bands are signaled as part of the standalone NR capabilities (just as in LTE)

	CATT
	yes
	We would like to maintain commonality for NE-DC and EN-DC. NR MN needs to know the LTE frequency bands that can operate with NR BC.

	NEC
	Yes
	

	Ericsson
	yes
	For the same reasons as for EN-DC, we think this is needed also for NE-DC

	ZTE
	Yes
	The requirement for the information of the possible LTE frequency bands to NR MN is similar to LTE MN which needs the information of the possible NR frequency bands

	Huawei, HiSilicon
	Yes
	

	Qualcomm
	Yes
	The same justification as EN-DC should apply here..

	NTT DOCOMO
	Yes
	It should be common to all MR-DC scenarios.

	Samsung
	Yes
	As for EN-DC, we think NR capabilities would indicate which IRAT bands can/ cannot be operated in conjunction with an NR BC

	Intel 
	Yes
	The similar operation as in LTE MN is required for NR MN in NE-DC. 


[Rapporteur’s summary]
10 companies expressed their views. All companies shared the same view that the agreement made at the last meeting should be applicable to NE-DC. Thus, the rapporteur believes that Discussion 1 can be brought to the next meeting as one of the proposals from this email discussion.
Proposal 1:	In case of NE-DC, for each NR BC in the UE capabilities at least the possible LTE frequency bands that can operate with this NR BC should be visible to the NR MN.

Upon the measurement results on neighbor cells for SCG are reported to the MN, the MN initiates coordination of LTE-NR band combination with SN. According to the contributions submitted to the past meeting, there are two main solution directions:
Solution 1:	Index based coordination [1, 3, 4].
Solution 2:	Rel-12 LTE DC based coordination [2, 9].
To analyse pros and cons, the common understanding of the two solution directions needs to be developed. Hereafter, the overall descriptions of both solutions are provided.
In Solution 1, LTE-NR DC band combinations are denoted and reported from the UE as follows:
-	An index is assigned for each LTE/NR band combination supported by the UE, respectively.
-	The supported LTE band combinations are included in the LTE capability container together with their index.
-	The supported NR band combinations are included in the NR capability container together with their index.
-	Supported LTE-NR DC band combinations are expressed by the combination of LTE/NR band combination indices, e.g. L1 + N1, L2 + N1, etc.
An example of defining LTE-NR DC band combination by the index is shown in Figure 2.1-1.


Figure 2.1-1:	Example of LTE-NR DC band combination expressed by the index
With this capability definition, Solution 1 works as follows in case of EN-DC:
1.	Upon retrieving supported LTE-NR DC band combinations and measurement results from the UE, the MN selects an LTE band combination, e.g. L1, L2 or L3 in Figure 2.1-1. The MN decides the carrier frequency and the bandwidth for each CC in MCG based on the selected LTE band combination.
2.	The MN forwards the NR capability to the SN. The NR capability includes the supported NR band combinations together with indices. Besides that, The MN tells the indices of the NR band combination which can be configured within SCG in accordance with the LTE band combination selected by the MN.
3.	The SN selects an NR band combination amongst the ones informed by the MN. The SN decides the carrier frequency and the bandwidth for each CC in SCG based on the selected NR band combination.
For instance, if the MN selects L2 in Figure 2.1-1, the MN tells N1 and N2 to the SN which are the candidate NR band combinations that can be configured together with L2. The SN selects an NR band combination amongst N1 and N2. With this approach, the MN/SN needs not to know the other RAT band combination capability and the CA configuration in the other RAT (i.e. carrier frequency and bandwidth for each CC). 
Solution 2 is the same as Rel-12 LTE DC. An LTE-NR DC band combination is expressed by the similar way to the LTE-DC band combination. For instance, it can be denoted as 1A (LTE) -n1A (NR), assuming that NR frequency band is denoted by putting a prefix character, “n” to the band number. With this capability definition, Solution 2 works as follows in case of EN-DC:
1.	Upon retrieving supported LTE-NR DC band combinations and measurement results from the UE, the MN selects an LTE band combination from the reported LTE-NR DC band combinations. The MN decides the carrier frequency and the bandwidth for each CC in MCG based on the selected LTE band combination.
2.	The MN forwards the entire LTE-NR DC band combinations supported by the UE and the CA configuration in MCG to the SN.
3.	Based on the CA configuration in MCG and the supported LTE-NR DC band combinations, the SN selects an NR band combination and decides the carrier frequency and the bandwidth for each CC in SCG.
Although the above coordination mechanisms for Solution 1/2 are described for initial UE capability negotiation, the same mechanism can be applied for the re-negotiation purpose which can be triggered by both MN and SN.
If the solution description as explained in this sub-clause is the common understanding, the key difference between Solution 1 and 2 is the information to be used for MN/SN to decide the CA configuration in MCG/SCG as summarized in Table 2.1-1 below. The rapporteur would like to confirm if it is the common understand and check if there are any other differences between Solution 1 and 2.
Table 2.1-1:	Summary of differences between Solution 1 and 2
	Information for coordinating LTE-NR BC
	Solution 1 (Index based)
	Solution 2 (Rel-12 LTE DC)

	
	MN (eNB)
	SN (gNB)
	MN (eNB)
	SN (gNB)

	LTE-NR DC band combination
	Only the LTE band combination is visible
	Only the NR band combination is visible
	The whole LTE-NR DC band combination is visible.

	CA configuration in the other CG
	Unknown
	Known



Discussion 2:	Do companies agree on the difference between Solution 1 and 2 summarised in Table 2.1-1?
	Company name
	Yes or No to Disc. 2
	Comment to Disc. 2 if any

	Nokia
	Yes
	

	CATT
	yes
	As far as band combination and CA configuration are considered, Table 2.1-1 captures the differences. However other UE capability info associated with BC are not discussed in this section. There would be other differences based on other UE capability info associated with BC in each solution.

	NEC
	Yes
	One clarification. In the solution 1, we assume the band information (e.g. which bands are included in each combination shown by the index) could be known to the other node. With this, the band/frequency characteristic can be taken into account somehow for e.g. the bearer type or bearer/service mapping decision.

	Ericsson
	Yes
	But besides the “CA configuration in the other CG” the node may (but is not required to) peek into the other capabilities that are associated with or related to the band combination (e.g. MIMO layers, NAICS, CoMP, …).

	ZTE
	Yes
	Generally speaking, we agree the difference summarised in Table 2.1-1. 

	Huawei, HiSilicon
	Yes
	Based on solutions described by companies, the analysis is correct. But based on the agreement “For each LTE BC in the UE capabilities at least the possible NR frequency bands that can operate with this LTE BC should be visible to the LTE MN.” , the master node needs to know LTE NR bandcombination at least in frequency band level. The only question should be how to handle BB capability. Both solution 1/2 should follow this agreement, i.e. for solution 1, the detailed MIMO/CSI capability is not visible, for solution 2, BB capability is visible.

	Qualcomm Incorporated
	Yes
	This is a detail, but we think the dependency matrix with LTE and NR indexes can be part of EN-DC capability which is understood by both MN and SN. Then a node can signal the index of its own configuration (can be the current configuration or target configuration for reconfiguration) and then the other node can figure out allowed band combinations of its RAT based on the dependency matrix.

	NTT DOCOMO
	Yes
	On the difference related to to the other capabilities, e.g., MIMO, CSI process, we think it is up to how these capabilities are defined, e.g. per Band combination or per UE ,etc.

	Samsung
	Yes (some remarks)
	Some remarks about the solution descriptions
Solution 1 (Index)
The description illustrates the mechanism well but there may be different ways for the actual signaling. E.g. M-RAT UE capabilities and Xn signaling may concern indices of conflicting S-RAT band/ BCs
Solution 2 (LTE DC)
The description does not clarify how SN becomes aware of which BCs it can configure (i.e. missing). We understand SN determines this from the MCG configuration provided by MN (meaning it would need to comprehend).

	Intel
	Yes
	Agree that difference is mainly whether the exact BC/CA/other capabilities can be visible by other RAT or not. 



Discussion 3:	Are there any other differences between Solution 1 and 2 which could be key metrics to analyse pros and cons?
	Company name
	Comment to Disc. 3

	Nokia
	For solution 1, only the exact CA configuration is not known. Based on RAN2#98 agreements, at least the frequency band information for each BS should be visible to both MN and SN

	CATT
	With the agreement from RAN2_98 on frequency band info for each BC, the measurement can be configured to the UE. As indicated above, there may have differences of solution 1 and 2 based on other UE capability info associated with BC e.g. MIMO capability, CSI process if supported in NR.

	ZTE
	Specifically. the volume of information and the corresponding format defined for LTE/NR DC capability, the content in the reported UE capability information, and the performance achieved for the selected LTE (NR) band combination etc. will be different between Solution 1 and 2.
E.g. in Solution 2, more information could be included in LTE-NR DC band combination (i.e. not only the indices as in Solution 1) then a separate container could be defined, and the container could be reported only when being requested, and the selection of LTE/NR band combination decided by MN/SN could achieve better performance.

	Huawei, HiSilicon
	See Discussion 2. 

	Samsung
	Agree with Nokia and CATT. Index may represent more than just BC i.e. it may represent associated UE capabilities also


[Rapporteur’s summary to Disc.2/3]
All companies agreed on the solution difference summarised in Table 2.1-1. In addition, some companies commented that there is another difference in terms of the other capabilities, e.g. MIMO, CSI processes if these capabilities are defined per band and per band combination likewise LTE. As such, the difference between the index based coordination and the LTE DC based coordination is concluded as follows:
Table 2.1-1a:	Summary of differences between Solution 1 and 2
	Information for coordinating LTE-NR BC
	Solution 1 (Index based)
	Solution 2 (Rel-12 LTE DC)

	
	MN (eNB)
	SN (gNB)
	MN (eNB)
	SN (gNB)

	LTE-NR DC band combination
	Only the LTE band combination is visible
	Only the NR band combination is visible
	The whole LTE-NR DC band combination is visible.

	CA configuration in the other CG
	Unknown
	Known

	Other UE capabilities (if defined per band and per band combination)
	Unknown
	Known



In addition, the rapporteur would like to ask companies views on pros and cons for each solution inferred from the key differences discussed in point 2 and 3.
Discussion 4:	Pros and cons for Solution 1 and 2 inferred from Discussion 2 and 3.
	Company name
	Solution 1 (Index based coordination)
	Solution 2 (LTE DC based coordination)

	Nokia
	Pros: 
- does not require a given RAT to interpret CA capabilities of the other RAT
- allows independent evolution of specifications

-allows later-release approaches to organize NR capability differently (i.e. allows to organize NR capability differently from LTE if needed)

- allows either RAT to initiate capability coordination (i.e. select its preferred band and indicate a list of choices)


Cons: 
- a given RAT does not know (without having assistance information) what it will get from the other RAT having provided BC indices
	Pros: keeping same approach as LTE-DC  

Cons:
- For both MN and SN, requires interpretation of the other-RAT CA configuration to assess the number of carriers and CA configuration for the other RAT 
- NR needs to utilize an LTE-compatible BC description (e.g. CA_1C_7B, CA_2B_5C) when describing LTE part of supported LTE-NR band combination. This makes it difficult to change the UE capability approach later in NR.
- Since both sides need to comprehend the other RATs signalling, which links the binds the evolution of LTE and NR specification together


	CATT
	Pros:
Agree with Nokia views on Pros of Solution 1.
We don’t see the need for LTE MN knowing the CA configuration supported in NR SN. NR SN can take care of the NR frequencies. 
· Optimized UE capability signaling
Cons:

	Pros:
Same approach as LTE. 
Cons:
Agree with Nokia Views on Cons of solution 2. Additionally, the increase signaling load on UE capability signaling with Solution 2 as full list of BC and frequencies needs to be provided for LTE-NR DC band combination.

	NEC
	Pros:
- capability coordination could be much simpler.
- MN(SN) does not need to know detail CA configurations in the SN(MN).

Cons:
- performance (e.g. total throughput per UE) may not be optimum.
	Pros:
- LTE DC approach can be used as much as possible, e.g. which configuration/parameters considered for MCG/SCG configurations.

Cons:
- detail CA configurations in the other node may need to take into account. In particular, the LTE eNB would need to upgrade according to the NR gNB functional update continuously.

	Ericsson
	Pros:
· LTE nodes need not understand NR band combinations and vice versa
Cons:
· Does not comply with Agreement 1 from RAN2#98, since the possible NR frequency bands that can operate with each LTE BC are not visible to the LTE MN. This information would have to be added explicitly e.g. to the LTE BCs  and repeated in the separate NR BCs which increases the size of the capability signaling further. 
· Size of capability structure increases due to the need to add additional (fallback) combinations on the LTE side only for the purpose of “linking” them with an NR band combination
· Artificially hides information from other RAT such as “needForGaps”, MIMO layers, … that is needed for RRM purposes.

	Pros:
· Complies with Agreement 1 from RAN2#98, since the possible NR frequency bands that can operate with each LTE BC are visible to the LTE MN.
· Makes the UE’s capabilities for the other RAT visible to both nodes. 
· Possibility to enhance the LTE+NR band combination capability structure if legacy LTE eNB do not need to comprehend those.

Cons:
· Size of capability structure increases compared to LTE due to the need to add additional LTE+NR band combinations. 

	ZTE
	Pros:
· Little information of LTE/ NR is visible to NR/ LTE, the isolation of two RAT could be guaranteed.

· MN is not required to understand the frequency band used in SN side.

Cons: 
· The selection of band combination made by MN is nearly just based on the measurement results, and the selection of band combination made by SN is just based on the indices informed by MN. And the configuration of each CC is isolated to each other, the performance may not the best one.
· More complexity will be introduced to specify that how the index is generated.
Whenever MN wants to use a new frequency band, a capability negotiation may be processed before the frequency band is used, thus some delay may be caused.
	Pros:
· Save the complexity to introduce the index based solution.

Cons: 
· Since both MN and SN has to see the full picture of LTE/NR BC, the isolation between LTE and NR will be impact.
· Frequently information exchange is requried between MN and SN to exchange the CA configuration.


	Huawei, HiSilicon
	Agree with Ericsson. 
	Agree with Ericsson. But regarding cons of capability size, it should be discussed later once we have clear view on how to handle MIMO/CSI capability for CA/DC bandcombination. 

	NTT DOCOMO
	Pros:
- Agree with Ericsson.
Cons:
- In addition to the drawbacks expressed by the other companies, we’re not sure how the MN/SN can decide MCG/SCG configuration if LTE-NR band combination is defined within the same frequency band.
	Pros:
- Both the MN/SN can decide MCG/SCG configuration taking into the other CG configuration into account.
Cons:
- Increased signaling size.

	Samsung
	Agree with Nokia & CATT. One remark regarding the Cons:
We think that exchanging assistance would actually simplify i.e. no need to handle other RAT specifics i.e. UE and network node’s ability to support BCs and associated functions
Regarding remark Ericsson about Cons: we think UE in LTE capabilities conflicting may first provide general list of conflicting NR bands/ BCs. Within LTE bands/ BCs that cannot operate with such conflicting bands, there would be a pointer to the list of conflicting NR bands/ BCs. With do not understand how such kind of solution would violate RAN2 agreements
	Agree with Nokia and CATT
For NR bands/ BCs that are independent, the approach seems to result in rather inefficient signalling

	Intel
	Pros: 
- does not require a given RAT to interpret detailed capabilities of the other RAT’s BC
Cons: 
- Frequency band information of other RAT is needed for inter-RAT measurement by MN. 
- Based on companies’ understanding on solution1, it is not possible to indicate the case that the UE capabilities of a certain BC are affected by EN-DC operation. For example, LTE CA_1A_3A can support 4 layer for all carriers in case of standalone, but it may not support 4 layer for all LTE carriers if NR is operated. For this case, we should have a mechanism to distinguish LTE-only mode and EN-DC mode. It would be the same for NR-only mode and NE-DC mode.  
	Pro: 
- basic and straightforward approach 

Cons:
- Need to reduce signaling overhead. But could be optimized once we understand details of signaling structure. 


[Rapporteur’s summary]
According to the inputs 9 companies, the pros and cons are summarised as follows, which could be understood in a fair manner:
Table 2.1-2:	Summary of pros and cons on potential solutions
	
	Solution 1 (Index based coordination)
	Solution 2 (LTE DC based coordination)

	Pros
	· LTE nodes need not understand NR band combinations and vice versa.
· Smaller signaling size to express LTE-NR band combination
	· The possible NR/LTE frequency bands that can operate with LTE/NR BC are visible to the LTE/NR MN (compliant with the RAN2#98 agreement).
· Both the MN/SN can decide MCG/SCG configuration taking into the other CG configuration into account.

	Cons
	· Other mechanism is required for the LTE/NR MN to learn the possible NR/LTE frequency bands that can operate with LTE/NR BC.
· A mechanism is required to allow UE implementation to support different baseband capability between LTE standalone BC and LTE-NR BC, e.g. MIMO CSI process.
· A mechanism is required to support intra-band LTE-NR DC if exists.
	· For both MN and SN, requires interpretation of the other-RAT CA configuration to assess the number of carriers and CA configuration for the other RAT.
· Size of capability structure increases compared to LTE due to the need to add additional LTE+NR band combinations.



From the company inputs, it seems that their views were evenly matched. In that sense, the rapporteur would like to propose a middle ground for the sake of progress as follows:
Proposal 2:	RAN2 continues to work on the index based coordination and resolving the following open issues to consider potential introduction:
-	How can the LTE/NR MN learn the possible NR/LTE frequency bands that can operate with LTE/NR BC?
-	How to address baseband capability dependency between LTE and NR (Proposal 4)?
-	How can the MN/SN decide MCG/SCG configuration if LTE-NR band combination is defined within the same frequency band?
Proposal 2a:	 If failed, LTE DC based coordination will be considered for coordination of LTE-NR band combinations.

2.2. Coordination of baseband capabilities
For the base band capability coordination (e.g. MIMO layers, CSI processes), there are the following key issues to be discussed at first:
Issue 1:	While the UE is configured with MR-DC, can the baseband capabilities of one RAT be independent to the ones of the other RAT or dependent?
Issue 2:	How to define the baseband capabilities in the NR capability container (applied for both NSA and SA)?
With regards to Issue 1, if it can be independent, eNB/gNB can configure the LTE/NR part of baseband related features for the UE independently. If not, coordination is required between eNB and gNB to ensure that the total baseband capabilities across LTE and NR do not go beyond the UE capability.
To discuss Issue 1, RAN1/4 feedback needs to be taken into account as excerpted below:
RAN1 feedback [13]:
Q4:	The LTE UE capabilities support extensive UE implementation flexibility. In particular, the UE can indicate support for a feature (e.g. MIMO layers, CSI processes) per band of a band combination. Is a similar (signalling intense) flexibility assumed to be supported for NR?
A4:	RAN1 assumes that similar implementation constraints exist for NR as for LTE, and thus similar flexibility for UE capability as in LTE is needed. For each parameter the required flexibility and corresponding signaling approach would be needed to be discussed in RAN2 considering RAN1 and RAN4 inputs.
RAN4 feedback [14]:
Q4:	RAN2 assumes that the network will need to be aware, via capability signalling, of the set of the LTE and NR band combinations which are supported by the UE. However, RAN2 would like to understand what capabilities might be depending on the LTE/NR band combinations. In particular, RAN2 would like to understand if it is essential to support as high degree of flexibility as is currently possible with LTE, where UE can indicate support for a feature (e.g. MIMO layers, CSI processes) per band of a band combination? E.g. the antenna configuration (e.g. MIMO layers) used on MCG cells may not depend on the antenna configuration used on SCG cells, if they operate on widely separated frequency bands?  
A4:	RAN4 has identified that some NR UE capabilities may depend on the LTE/NR band combinations, such as MIMO layers, however it is FFS to identify all parameters. RAN4 expect similar flexibility as in LTE will be required for the NR capabilities dependent on band combinations.
The rapporteur would like to ask company views on Issue 1, bearing the above feedback in mind.
Discussion 5:	While the UE is configured with MR-DC, can the baseband capabilities of one RAT be independent to the ones of the other RAT or dependent?
	Company name
	independent or dependent
	Comment to Disc. 5

	Nokia
	Yes, but depends
	The question is not fully clear but seems to ask whether there could be independent baseband capabilities that do not depend on the baseband capabilities of the other RAT (it also seems be about only Issue 1).

The answer really depends on the assumption of the UE architecture, e.g. if and to what extent the sharing of resources is practiced. From signaling viewpoint, similar flexibility as LTE can be achieved in signalling, but this doesn’t mean the exact same signalling is needed. Even if the capability structure is reorganized to be more compact, it should be possible to allow having both independent and dependent capabilities.


	CATT
	
	As commented by both RAN1 and RAN4, similar flexibility as in LTE for NR capabilities dependent on band combination should be maintained. However, this doesn’t mean that signaling intense method as in LTE needs to be used. We think signaling optimization should be considered for the UE capability signaling. 

	NEC
	
	Considering the responses from RAN1/4, if sufficient flexibilities as in LTE would be required for getting expected performance in MR-DC, the baseband capabilities of one RAT should be dependent to those of the other RAT. But “some” baseband capabilities may be independent according to RAN1 response (to be confirmed).
On the other hand, when it comes to the signaling design, it would be good to consider optimization (compared to LTE) as pointed out by CATT.
Also agree with the potential dependency on UE architecture pointed out by Nokia, which in MR-DC may be different from intra-RAT DC.

	Ericsson
	Dependent
	Though it seems clear from the RAN1 and RAN4 responses that some dependency will be there, we must aim to reduce the signaling overhead compared to LTE.

	ZTE
	
	As said in LS R2-1706141, if RAN 1/4 would define the UE category and RF band combination specific for LTE-NR DC, and the baseband capabilities of each band has already been limited reasonablely in the new definition, the independence could be achieved naturally. Otherwise, the baseband capability is dependent between the two RATs and the coordination is unavoidably.

	Huawei, HiSilicon
	Dependent
	Based on RAN1/RAN4 feedback, seems some capabilities may depend on LTE NR bandcombination. 

	Qualcomm Incorporated
	Dependent
	We think RAN2 solution should address UE implementation where baseband processing is shared between the RATs.

	NTT DOCOMO
	Dependent
	As commented by the other companies, we also understood RAN1/4 feedback as such.

	Samsung
	Support some level of sharing/ dependency
	Whether or not there is dependency may depend on actual implementation. We think that for NR it we should consider to restructure baseband related capabilities. 

	Intel
	both cases are possible
	We tend to agree with Nokia. Both approaches should be possible i.e. if there is no dependent capability information, the capabilities should be based on each RAT’s BC separately. On the other hand, if there is dependent capability information per EN-DC BC, the capabilities should be based on EN-DC BC. 
Therefore, the spec needs to support both cases. 


[Rapporteur’s summary]
According to the company inputs, almost all of the companies were of opinion that there is baseband capability dependency between RATS, e.g. to allow UE implementation where baseband processing can be shared between RATs. In that sense, the baseband capability design and coordination should take this viewpoint into account. 
Proposal 4:	For MR-DC, capability signaling and coordination will support shared baseband capabilities between LTE and NR. The exact capabilities for coordination should be FFS and dependent on RAN1/4 discussion.

No matter how Discussion 5 is concluded, Issue 2 needs to be decided anyway for MR-DC as well as NR standalone. According to the past contributions, there are the following three options for baseband capability reporting:
Option 1:		Per band and per band combination (as in LTE)
Option 2:		Per supported single frequency band not dependent to band combination [5].
For instance, the maximum MIMO layers supported for a frequency band is applied for all CA band combinations which includes that frequency band.
Option 3:		Per UE (e.g. total maximum capability and maximum capability per CC) [15]
Option 4:		Total baseband capability per UE with cost function [16]
Option 5:		Baseband capabilities combination set [18]

In fact, almost all of the options were already discussed under the Rel-13 CA enhancements WI. The summary of results can be found in [17]. In that sense, there is no need to repeat the same discussion to analyse these options. Only if there are any other aspects specific to NR, the analysis can be reassessed. Bearing the past outcome in mind [17], the rapporteur would like to seek for companies views on the suitable option for NR capability design.
Discussion 6:	Which option is suitable to define baseband capabilities (e.g. MIMO layers, CSI process) for NR?
	Company name
	Preferred option
	Comment to Disc. 6

	Nokia
	a set of options based on the analysis in [17]
	The earlier Rel-13 LTE discussion on how to optimize the UE capability signalling should be considered also here. E.g.
- decouple RF and baseband capabilities, group most common baseband capabilities for N-CC (for example) and index them, link the indices to the RF capabilities, 
- in the same common baseband capabilities allow for indicating negative or delta capabilities (to improve flexibility), 
- organize baseband capabilities into coarse and fine details (maybe for MR-DC, only coarse capabilites need to be consulted and fine details are interpreted by own RAT). Coarse details could be the most important baseband capability groups that must be reported and known and the finer ones are indicated via. delta signalling for example

Finally, we should aim to minimum the differences between the NR capability reporting across the MR-DC and the standalone NR case

	CATT
	Option 1(as in LTE)
	Based band capability signaling Per band and per band combination (as in LTE) can be considered as baseline. 
· Possibility for further signaling optimization depends on the baseband capability sharing which is yet to be decided in RAN1/4


	NEC
	Option 1 
	To realize the Option 1, the signaling optimization can be considered from LTE one, if any good way to do.
Also, if RAN1/4 identifies some baseband capabilities could/should be independent, e.g. Option 2 approach could be attractive for those.

	Ericsson
	Extract BB capabilities from BCs (any except “option 1”). 
	Email discussion [17] summarized that “The proposals save 1-N bits in each signalled band combination since there is no need to repeat the same capabilities”. However, a key benefit is that such schemes would avoid sending fallback BCs. RAN2 tried to achieve that also in LTE but since the BCs still comprise the BB capabilities, UEs must anyway signal the fallback BCs sooner or later. 

The “cost function” that we suggested in [16] could be one variant to realize this goal giving a lot of flexibility to the UE implementations. But we are open to other solutions, too. 

	ZTE
	Option 3 or 4
	It’s up to RAN1/RAN4’s decision.

	Huawei, HiSilicon
	Not option 1
	We should aim to reduce the capability size, one good approach is to avoid per band/bandcombination signaling for MIMO/CSI capability. We should try to avoid option 1. 

	Qualcomm Incorporated
	
	As has been the case in LTE, e.g. for MIMO, CSI process and NAICS capabilities, this requires RAN1 and RAN4 inputs. It should be noted that some of the new solution listed were discussed in RAN4 for LTE, but no solution came out. Without any input, we should assume the same as LTE for the sake of progress in RAN2. This is of course subject to re-working in the future though.

	NTT DOCOMO
	Option 1 as baseline
	Although we think Option 1 would be not be the best, we’re also wondering the feasibility of the other solutions and so not sure if we could receive RAN1/4 feedback until the Option 3 completion. However, we’re open to try again and seek for the other way than Option 1.

	Samsung
	Should aim to simplify e.g. alike.option 4
	We agree we should try to avoid option 1 (specifying baseband processing related capabilities per BC) as much as possible eg. by separating RF and BB related aspects.
Alike option 4 we assume that besides total BB capability, UE may provide information in UE capabilities regarding relative cost of different functions [R2-1703254]. It may be that some BB is actually function-specific. We assume RAN4 should take the lead on related investigations

	Intel 
	Option 5
	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.  


[Rapporteur’s summary]
Amongst 10 companies who expressed their views, 4 companies (CATT, NEC, Qualcomm and DOCOMO) preferred Option 1 as a baseline for the sake of progress in RAN2. 6 companies preferred to seek for the other solutions than Option 1. Although company views are not converged, to deliver a productive outcome from this email discussion, the rapporteur would like to suggest that the up-to-date LTE mechanism (i.e. Rel-14) is the baseline and the other enhanced options (1 to 5) are continued to investigate. The baseline capability signaling needs to be discussed as well based on company inputs (e.g. [18]).
Proposal 5:		Rel-14 LTE UE capability signaling is the baseline for NR.
Proposal 5a:	Discuss which Rel-14 LTE scheme is adopted for the baseline NR capability signaling.
Proposal 6:	Enhancements to the baseline NR capability signaling will be considered until the completion of EN-DC.
3. Summary and proposal
As the outcome of the email discussion on UE capability coordination for MR-DC, the followings are proposed:
Proposal 1:	In case of NE-DC, for each NR BC in the UE capabilities at least the possible LTE frequency bands that can operate with this NR BC should be visible to the NR MN.
Proposal 2:	RAN2 continues to work on capability coordination not requiring MN and SN comprehend each other’s UE configuration (e.g. the index based coordination).
Proposal 2a:	For the index-based coordination, and resolving the following open issues need to be resolvedto consider potential introduction:
-	How can the LTE/NR MN learn the possible NR/LTE frequency bands that can operate with LTE/NR BC?
-	How to address baseband capability dependency between LTE and NR (Proposal 4)?
-	How can the MN/SN decide MCG/SCG configuration if LTE-NR band combination is defined within the same frequency band?
Proposal 2a:	If failed, LTE DC based coordination will be considered for coordination of LTE-NR band combinations.
Proposal 4:	For MR-DC, capability signaling and coordination will support shared baseband capabilities between LTE and NR. The exact capabilities for coordination should FFS and dependent on RAN1/4 discussion.
Proposal 5:		Rel-14 LTE UE capability signaling is the baseline for NR, including:
Proposal 5a:	Discuss which Rel-14 LTE scheme is adopted for the baseline NR capability signaling.
Proposal 6:	Enhancements to the baseline NR capability signaling will be considered until the completion of EN-DC.
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