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Discussion and Decision
1      Introduction
In RAN2 #99 meeting, RAN2 discussed a detailed structure to avoid duplication of band combination to indicate the combination of DL bands and UL bands. But, due to the lack of discussion, there was no consensus. 
4
RAN2 aim not to duplicate band combinations to indicate the combination of DL bands and UL bands.

Therefore, RAN2 decides to have email discussion to progress the detailed structure. 
[99#24][NR] Decoupling DL band and UL bands (Intel) 

To progress the decoupling of DL and UL bands in capabilities.


Intended outcome: Report to next meeting


Deadline:  Thursday 2017-09-21

2      Approach 1
The following structure is a modified version from the proposed structure in [1]. In each band combination, there is one DL band combination and a set of UL band combinations (UL-BC-List IE in the example) that can be combined with the DL band combination. maxUL-Bandcombinations of UL BCs can be included. 

With UL-BC-List, it includes corresponding bwClassUL and UL related capabilities. In LTE case, multiple Timing advance capability can be an example of UL capability.   
BandCombination = [
       bandsDL = [BandX, BandY, BandZ]
       bwClassesDL = [C,A,A];                           // up to 2 CCs on Band X; up to 1 on Y and Z
       UL-BC-List = SEQUENCE (SIZE (1.. maxUL-BandCombinations)) OF UL-BandCombination

 
        
       // both DL related capabilities and UL/DL related capabilities
       dc-Support    = [
             asynchronous = true,
             supportedCellGrouping = [0,1,1]
       ]
 
       maxDL-MIMO-Layers = [4,2,2]
}
 
 
UL-BandCombination= ::= SEQUENCE {

                bwClassUL=          [A,A,-],  
        //pure UL related capabilities   
       maxUL-MIMO-Layers =[1,2,-]
}
 
 

Companies are encouraged to provide questions/comments on the above approach. 

	Company
	Questions/comments 

	NTT DOCOMO
	We prefer this approach due to less overhead than approach 2. We understand that the above example is still for illustrative purpose and different from the real ASN.1 implementation.

	Qualcomm Incorporated
	We agree with the signalling overhead gain of this proposal.

It should be clarified how this approach works when a set of baseband capabilities needs to be linked to a CA band combination. We believe the linked baseband capabilities are dependent on, .e.g the total aggregated UL bandwidth. In that case, it may be necessary to link different baseband capabilities for different UL combo signalled in UL-BC-List.

Whereas in the original proposal from Intel in R2-1708784, linking to a single set of baseband capabilities can only be provided in BandCombinationParameters-r15.

	Nokia
	The gain is the saving in repeating bandsDL = [BandX, BandY, BandZ] 2 more times in the above example compared to the LTE baseline. One comment on the structure provided above; the parameters in separate lists, which in our undersanding adds an overhead for the size information. In approach 1, the structure would be shorter if it can be defined as follows (Let’s use a convention [] for a list and {} for a SEQUENCE}: Then, bandsDL = [ {band=BandX, bwClass=C, maxDL-MIMO-Layers=4}, { band=BandY, bwClass=A, maxDL-MIMO-Layers=2}, { band=BandZ, bwClass=A, maxDL-MIMO-Layers=2} ]

	Samsung
	The gain achieved from Approach 1 is saving overhead of repeating the DL band information as many times as there are UL band combinations for this set of bands. However, it cannot reduce the overhead in case for multiple DL BCs within the same UL BCs.

	Ericsson
	We support this signaling structure to the extent that several UL bandwidth class combinations can be provided for a single DL bandwidth class combination. 

We are not sure why the number of MIMO layers must be inside the band combination. As agreed last meeting, we do not want to signal the fallback band combinations. Hence, in the example above, the UE is not supposed to signal another BC for only BandY in which it indicates also “BW-Class A” but a maximum number of MIMO layers of 4. If the UE supports that configuration, it should rather be covered by the BC above, i.e., maxDL-MIMO-Layers = [4,4,2]. Then, this array appears rather as a number of MIMO layers per band… and it should be possible to extract it from the structure… as was shown in [1]. The indication that the UE cannot do [4,4,2] when configured with 4 carriers [C,A,A] should be indicated by the extracted baseband capabilities. We would appreciate further discussion on this aspect. 

We agree with comments by Nokia that one must also investigate the overhead due to ASN.1 length fields and minimize that overhead. 

	Intel
	Compared to Approach 2,

· Pro: reducing frequency band information of UL BC. 

· Con: duplication if multiple different DL/UL capabilities are supported for the same DL/UL BC or fallback BC. 

To clarify, although baseband processing combination (BPC) is introduced, we think MIMO capability should be in each BC because MIMO capability is not pure baseband processing capability. In addition, there might be additional RF related capability that should be in each BC. 

	MediaTek
	Is the assumption that UE will provide MIMO and bandwidth related information in BC and baseband combination? For example, UE own max MIMO/BW in BC and MIMO/bandwidth exchange in baseband combination.

For UL part, it seems that UE has to duplicate for each DL band combination. It is better to avoid such duplication by reusing same UL part across DL band combinations.

	Huawei, HiSilicon
	To our understanding, the approach 1 can reduce the signaling overhead caused by repetition of same DL band combination for the different UL bandcombination. 

Regarding MIMO capability, it is also related to RF capability, but we do not need to indicate them per bandcombination. 

	LG
	The gain is obvious to save signaling overhead for DL/UL band information. But we wonder if there is any need to consider further independency or expandability in any cases likely Samasung’s comment because BandCombination field always includes DL BC parameters.

	CATT
	- Compare to legacy LTE, approach 1 can save the signaling overhead for the DL part, for which the same DL bands with different UL bands combination. 

- According to RAN2 agreement, i.e. split the baseband capability (i.e. MIMO, CSI process) and band combination capability, we can save more signaling overhead on the UL MIMO capability part with the separate baseband capability design, based on the proposed ASN.1. 

- One question on the proposed ASN.1, how to interpret the BW class in the propose ASN.1? Does it mean the max BW class, or do we have multiple entries for the same band combination but with different BW class combination?


Solution 1: key issues to be address

· It duplicates UL band information in case where multiple DL BCs include the same UL BCs (Samsung, MediaTek, LG). 

· It duplicates DL/UL capabilities if multiple different capabilities are supported for the same DL and UL BC (Intel). 

3      Approach 2

Alternative structure is based on a proposal in [2]. Three band combinations IE groups (1) DL BC, 2) UL BC and 3) DL/UL BC are defined. DL BC includes UE capabilities which are defined per DL band/DL BC. UL BC includes UE capabilities which are defined per UL Band/UL BC. All remaining UE capabilities which are defined per DL/UL BC, are included in DL/UL BC. In each DL BC and UL BC, an Index is included and this index is used in DL/UL BC to link to the corresponding DL BC and UL BC. UL-BC-List is introduced to indicate multiple UL BCs per DL BC similar to approach 1.  

It is noted that during RAN2 offline discussion, this structure cause more signaling overhead because it duplicates frequency band information and also require index information. 

BC_ParameterDL {


dl_BC_Index 





BC_Index;

    bandsDL = [BandX, BandY, BandZ]
    bwClassesDL = [C,A,A]                            // up to 2 CCs on Band X; up to 1 on Y and Z
     maxDL-MIMO-Layers = [4,2,2] 
}
BC_ParameterUL {


ul_BC_Index 
BC_Index;

    bandsUL = [BandX, BandY]


bwClassUL=          [A,A] ,  
    //pure UL related capabilities   
    maxUL-MIMO-Layers =[1,2]
}
BandCombinationParameters-r15 {


bc_ParameterDL dl_BC_Index;


UL-BC-List = SEQUENCE (SIZE (1.. maxUL-BandCombinations)) OF UL-BandCombination;

bc_ParameterUL ul_BC_Index;

// both DL related capabilities and UL/DL related capabilities
       dc-Support    = [
             asynchronous = true,
             supportedCellGrouping = [0,1,1]
       ]
}
Companies are encouraged to provide questions/comments on the above approach. 

	Company
	Questions/comments 

	NTT DOCOMO
	We don’t see any needs to introduce an index for UL/DL band parameters, as long as the entry in DL/UL band parameter list is consistent.

	Qualcomm Incorporated
	We also do not see the need of an index in this approach. Index is useful in the approach proposed in R2-1708784.

	Nokia
	It seems there is a typo, the IE bandsDL should’ve been bandsUL within BC_ParameterUL. Then, a next question is why do we need to have the UL-BC-List in the BandCombinationParameters-r15 IE? 

The LTE baseline consists in listing all band combinations, and for each band combination, providing the parameters for each DL band and each UL band. This means that parameters may get repeated as many times as a DL or UL band appears in different band combinations, if the parameter values are equal.

Approach 1 uses sets of DL bands as the anchor or key, and lists the different combinations of UL bands that are possible with the set of DL bands. This saves repeating the _DL_ band information as many times as there are UL band combinations for this set of bands, if the parameter values for the DL bands is the same regardless of the different UL band combinations.

Approach 2 defines sets of DL bands (with specific parameter values) and sets of UL bands, and then defines CA combinations by providing an index to a specific set of DL bands and another index to a specific set of UL bands. Compared to approach 1, there is an overhead due to the two indexes i.e the BandCombinationParameters structure, seems to need a copy of the DL and UL BC index as well as a copy of the Frequency Band Indicator IE in both the DL and UL BC descriptors. Whether or not the overhead is compensated depends on how common certain sets of UL bands are. In the case that there are many CA configurations have the same set of UL bands (and associated parameters), then Approach 2 saves the repetition you would have with Approach 1.

	Samsung
	We agree with Nokia’s comments. Approach 2 makes BC capabilities more general using index-based linkage of the each DL BC and UL BC. The additional gain reducing overhead can be achieved if the case for multiple DL BCs within the same UL BCs is increasing.
However, If RAN2 remove the baseband processing capabilities from the BC signaling, then there may not much signaling remain to reduce (e.g. for UL BCs maybe we only have BW-class remains if the MIMO layer signaling can be indicated by per band). So, we assume that if the separating baseband capabilities are succeed, then Approach 2 probably has no real saving.

	Ericsson
	We also think that the additional indexes and the additionally signaled UL band numbers will cause much more overhead than what one could save by “re-using” an UL BC in several DL BCs. That is in particular the case when we extract all other capabilities from the UL BC.

	Intel
	Compared to Approach 1,

· Pro: no duplication of DL/UL capability per DL/UL band. 

· Con: frequency band information of UL BC, Indexing in joint DL/UL BC. 

We agree that indexing in each DL and UL BC is not necessary because it can be implicitly derived. 

	MediaTek
	As mentioned above, same question on the relation between BW/MIMO information in BC and baseband combination.

Although the structure of Approach 2 is clear, we only see the need to have UL index to avoid duplication across DL BC. There is no need have index for DL BC, DL BC can just be included in BandCombinationParameters.

	Huawei, HiSilicon
	To our understanding, the main benefit of approach 2 is to reduce the signaling overhead caused by repetition of same UL band combination for the different DL bandcombination. But we do not see the need to have index for DL bandcombination, therefore we would prefer the combination between approach 1 and 2 as indicated in approach X below.

	LG
	We agree that the Approach 2 also enables to save many repetitions for CA band combination with detailed parameter values. We think that the indexes for UL/DL band parameters can be efficient because the indexing information is available to apply for capability coordination between MN and SN.

	CATT
	From the signaling overhead point of view, the difference of this approach compared to approach 1 is to use index or the detail band parameter (frequency and BW class). But Since there are two new table introduced for UL and DL band combination, we cannot see this approach can save more signaling than approach 1. 

For the case of multiple DL band combination entry having same UL band parameter, this approach can save the signaling for duplicated UL band parameter. But we cannot evaluate whether it is the common case for the commercial market.


Solution 2: key issues to be address

· Additional overhead due to additional index and frequency band indicator in both DL and UL BC (Nokia, Ericsson). 

4      Approach 3
This a placeholder for a potential other approach. Companies are encouraged to provide other approach if any. 

The combination between approach 1 and 2.
BandCombination = [
       bandsDL = [BandX, BandY, BandZ]
       bwClassesDL = [C,A,A];                           // up to 2 CCs on Band X; up to 1 on Y and Z


ul-BC-List = BIT STRING (SIZE (1.. maxUL-BandCombinations));



        
       // both DL related capabilities and UL/DL related capabilities
       dc-Support    = [
             asynchronous = true,
             supportedCellGrouping = [0,1,1]
       ]
 
       maxDL-MIMO-Layers = [4,2,2]
}
 

UL-BandCombination-List ::= SEQUENCE (SIZE (1.. maxUL-BandCombinations)) OF UL-BandCombination

UL-BandCombination ::= SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameterUL
BandParameterUL ::=
SEQUENCE {


…
}
	Company
	Questions/comments 

	Intel
	It can be middle ground between approach 1 and approach 2. 

It can avoid duplication of UL band information in case where multiple DL BCs include the same UL BCs from solution 1. However, it still needs to duplicate both DL/UL related capabilities (dc-support in the example) if the UE needs to indicate multiple DL capabilities (e.g. MIMO layer) for the same DL BC. 

	Qualcomm Incorporated
	We have the same question as Intel included in the pseudoASN.1 above.
We agree with Intel’s observation. The support for DC and cell grouping are often different depending on the UL band combination.

	MediaTek
	As mentioned in solution 2, we also think DL index is not needed. Therefore, support solution 3.

We think UE can include fallback BC if different RF or baseband capability is signaled, e.g. UE includes BC{1C_3C, 1C_3A, 1A_3C, 1A_3A} instead of only BC{1C_3C}. Therefore, there is a need to avoid UL BC duplication.

Yes, we agree with Intel and QC on it should be UL_BC_Index in the UL-BC-List. We also think a bitmap for index has less overhead when the number of UL BC is small. An example below
UL-BC-List = BIT STRING (SIZE (1.. maxUL-BandCombinations))

UL-BandCombination-List ::= SEQUENCE (SIZE (1.. maxUL-BandCombinations)) OF UL-BandCombination
UL-BandCombination ::=
SEQUENCE {


…
}


	Huawei, HiSilicon
	We updated approach 3 based on comments from Intel and MediaTek. 

Regarding the comment from QC and Intel on duplication cannot be avoided if different DL capabilities are supported for the same DL BC, we agree it cannot be avoided with approach 3. However, based on the discussion on BPC, seems we may not need MIMO capability in BC. Then the only questioon is whether DC capability will be often different for same DL BC, but with different UL BC.


Solution 3: key issues to discuss

· Duplication due to different DL capabilities for the same BC. 

· A set of UL BC index or bitmap of UL BC index.
5      Summary
During the email discussion, three solutions were discussed. 
· Solution 1:  In each band combination, there is one DL band combination and a set of UL band combinations (UL-BC-List IE in the example) that can be combined with the DL band combination. maxUL-Bandcombinations of UL BCs can be included. 

· Key issues to be addressed are 1) it duplicates UL band information in case where multiple DL BCs include the same UL BCs and 2) it duplicates DL/UL capabilities if multiple different capabilities are supported for the same DL and UL BC.

· Solution 2: Three band combinations IE groups (1) DL BC, 2) UL BC and 3) DL/UL BC are defined.
· Main concern is additional overhead due to additional index and frequency band indicator in both DL and UL BC.

· Solution 3: The combination between solution1 1 and solution 2. 
· It resolves the issue (1) about duplication of UL band information in solution 1. But the issue (1) is still not resolved. 

· It doesn’t require DL index compared to solution 2. 
Simplified structure for comparison 
Yellow parts are different part between solution 2 and solution 3

	Solution 2
	Solution 3

	BandCombinationParameters {


bc_Parameter DL dl_BC_Index;
UL-BC-List = SEQUENCE (SIZE (1.. maxUL-BandCombinations)) OF UL-BC-Parameters;


-- Capabilities related to DL and UL here (e.g. async DC support)

}

DL-BC-Parameters::= SEQUENCE {


  bandCombinationDL



SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParametersDL


-- Parameters specific to the DL combination 

}
BandParametersDL ::= SEQUENCE {


bandNR-dl






NR-band-info,


ca-BandwidthClassDL



CA-BandwidthClass,


intraBandMIMO-CapabilityDL

SEQUENCE (SIZE (1..carriers)) OF DL_MIMO-Capability

OPTIONAL


-- Parameters specific to the DL band 

}

UL-BC-Parameters::= SEQUENCE {



bandCombinationUL



SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParametersUL


-- Parameters specific to the UL combination

}

BandParametersUL ::= SEQUENCE {


bandNR-ul



NR-band-info,


ca-BandwidthClassUL



CA-BandwidthClass,


intraBandMIMO-CapabilityUL

SEQUENCE (SIZE (1..carriers)) OF MIMO-Capability

OPTIONAL


-- Parameters specific to the UL band (e.g. multiple timing advance)

}


	BandCombinationParameters = [
    bandCombinationDL



SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParametersDL
         ul-BC-List = BIT STRING (SIZE (1.. maxUL-BandCombinations));


-- Parameters specific to the DL combination
      -- Capabilities related to DL and UL here (e.g. async DC support)

}
 

BandParametersDL ::= SEQUENCE {


bandNR-dl






NR-band-info,


ca-BandwidthClassDL



CA-BandwidthClass,


intraBandMIMO-CapabilityDL

SEQUENCE (SIZE (1..carriers)) OF DL_MIMO-Capability

OPTIONAL

     -- Parameters specific to the DL band 

}

UL-BC-Parameters::= SEQUENCE {



bandCombinationUL



SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParametersUL


-- Parameters specific to the UL combination

}

BandParametersUL ::= SEQUENCE {


bandNR-ul



NR-band-info,


ca-BandwidthClassUL



CA-BandwidthClass,


intraBandMIMO-CapabilityUL

SEQUENCE (SIZE (1..carriers)) OF MIMO-Capability

OPTIONAL


-- Parameters specific to the UL band (e.g. multiple timing advance)

}




Recommendation: RAN2 continue discuss to choose between solution 2 and solution 3 based on the following aspects.  
· Solution 2: the overhead of DL BC index in solution 2

· Solution 2& 3: set of UL BC index or bitmap of UL BC index.

· Solution 3: the overhead of duplicating DL capabilities for the same BC

· Anything else. 
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