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1. Introduction

In RAN #90-e meeting, the new WID on introduction of bandwidth combination set 4 (BCS4) for NR was approved in [1], the purpose is to reduce the workload in RAN4. In previous meeting, some candidate methods to introduce BCS4 were discussed and summarized as below:

Approach 1: BCS4 with current signalling channelBWs-UL/channelBWs-DL [2, 3].

Approach 2: BCS4 with new signalling, i.e., channelBWs-UL-ca/channelBWs-DL-ca [4] or min. channel BW signalling [5, 6].

Approach 3: BCS4 without signalling release independent to Rel-15, BCS5 with new signalling in Rel-17 [7].

But there were no any conclusions on the BCS4 with signalling, this contribution continues discuss the signalling issue.
2.  Discussion
To better understand these candidate approachs, we can first review the signalling for UE capability of supporting channel bandwidth for NR single carrier operation, and NR CA:
For NR single carrier operation, the UE reports the capability to indicate which channel bandwidths will be supported as:
	Signalling
	Note [8]

	channelBWs-UL/channelBWs-DL
	For a given SCS, from the leading / leftmost bit indicate
For FR1: 5, 10, 15, 20, 25, 30, 40, 50, 60 and 80MHz
For FR2: 50, 100 and 200MHz

	channelBWs-UL-v1590/channelBWs-DL-v1590
	For a given SCS, from the leading / leftmost bit indicate
For FR1: 70, 45 and 35MHz, the remaining bits shall be set to 0

	channelBW-90mhz
	For FR1

	supportedBandwidthUL/supportedBandwidthDL
	Indicates maximum UL/DL channel bandwidth supported for a given SCS that UE supports within a single CC


For NR inter-band CA:

	the network validates

	channelBWs-UL/channelBWs-DL, the supportedBandwidthCombinationSet, supportedBandwidthUL/ supportedBandwidthDL

or
channelBW-90mhz and the supportedBandwidthCombiantionSet


Based on above signalling indication, we can further analysed these approaches:
Approach 1:

For approach 1, my understand is the signalling of channelBWs-DL/UL is to indicate the supported CBW for each band in single carrier operation. The channel bandwidth supported by each band in inter-band CA are indicated by BCS, validating channelBWs-DL/UL is just to get the product set of BCS and channelBWs-DL/UL indicating the supported CBW for each band in single carrier operation to eliminate some bandwidths which are listed in BCS but aren’t supported by single carrier operation. And the signalling of channelBWs-DL/UL is in the IE of UE-NR-Capability -> RF-Parameters -> supportedBandListNR ->BandNR, therefore, the UE can’t re-indicate the supported channel bandwidths using channelBWs-DL/UL for each band in CA according to actual request.
Observation 1: The signalling of channelBWs-DL/UL is only to indicate the supported CBW for each band in single band operation.
Approach 2:

The approach 2 proposing to introduce BCS4 with a new signalling and release independent to Rel-15. But some companies think it may lead to problems with backward compatibility, as discussed in [7]. If the new signalling is introduced in the Rel-17 ASN.1, then a Rel-15 or Rel-16 gNB may not be able to recognize it, even if it recognizes BCS4. So if a UE reports that it supports BCS4 with the new signalling, the network would be allowed to ignore the new Rel-17 IE. But if the network ignores the IE it will think that the UE supports all the channel bandwidths as indicated by BCS4, even though the UE was not designed or tested to operate with the smaller channel bandwidths in the combination.
Actually, RAN2 also could make the new Rel-17 IE work from Rel-15 by allowing early implementation or by using an Rel-15 non-critical extension, the downside of this method is that operators need to upgrade the legacy gNB to understand the Rel-17 ASN.1 if they want to support this signalling.
Proposal 1: Send LS to RAN2 to ask RAN2 check the feasibility of whether the new signalling  introducing in the Rel-17 ASN.1 can work from Rel-15 for the legacy gNB by allowing early implementation or by using a Rel-15 non-critical extension.
Approach 3:

The approach 3 in [7] proposed to introduce BCS4 and make it release independent to Rel-15 firstly, then RAN4 can create a new BCS5 which would be functionally equivalent to BCS4 except that the new Rel-17 signalling would apply. That would enable a legacy gNB that was upgraded to understand BCS4 but not upgraded to understand the Rel-17 ASN.1 to ignore BCS5 and the new signalling altogether. 

As a compromise approach, we can make BCS4 and BCS5 with new signalling as a package apply to all existing band combinations. The future band combinations can only apply for BCS4 and applying for BCS4 implies applying for BCS5 as well. If a Rel-17 UE can’t support all possible channel bandwidths for a band combination in the Rel-17 gNB, it can report BCS5 with the signalling to eliminate the channel bandwidths which it can’t support. This method can avoid to request more BCSs repeatedly other than BCS4 in Rel-17 and forwards. Nevertheless, the original BCS0, 1, 2 or 3 are still allowed to request, if needed.
Proposal 2: If BCS4 with signalling can’t work from Rel-15 confirmed by RAN2, we prefer to
·  Making BCS4 and BCS5 with new signalling as a package apply to all band combinations. Future band combinations can only apply for BCS4 and applying for BCS4 implies applying for BCS5 as well.
· The original BCS0, 1, 2 or 3 are still allowed to request, if needed.
3. Conclusion

In this contribution, the signaling to introduce BCS4 are further discussion, we proposed:
Observation 1: The signalling of channelBWs-DL/UL is only to indicate the supported CBW for each band in single band operation.
Proposal 1: Send LS to RAN2 to ask RAN2 check the feasibility of whether the new signalling  introducing in the Rel-17 ASN.1 can work from Rel-15 for the legacy gNB by allowing early implementation or by using a Rel-15 non-critical extension.
Proposal 2: If BCS4 with signalling can’t work from Rel-15 confirmed by RAN2, we prefer to

·  Making BCS4 and BCS5 with new signalling as a package apply to all band combinations. Future band combinations can only apply for BCS4 and applying for BCS4 implies applying for BCS5 as well.

· The original BCS0, 1, 2 or 3 are still allowed to request, if needed.
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1. Overall Description:

So far, RAN4 has been spending a lot of time creating new band combinations since the introduction of those for LTE CA. In addition, unlike LTE, NR has allowed to introduce new channel bandwidths into existing NR bands. This further increases RAN4 workload due to the necessity of creating new Bandwidth Combinations Sets (BCSs). In order to resolve this situation, RAN4 agreed to introduce BCS4 for SUL, inter-band and intra-band NR-CA to define all the possible bandwidth configurations for each band in a band combination, while keep the flexibility of original BCS by introducing the signalling which could limit the band combination just supports the certain bandwidth combinations. During the discussions two candidate methods by introducing additional signalling with BCS4 were proposed:
· Method 1: introduce a new UE signalling in IE FeatureSetUplinkPerCC /FeatureSetDownlinkPerCC (i.e., channelBWs-UL-ca/channelBWs-DL-ca) to allow UE report the channel bandwidths it supports by bitmap on one carrier of a band of a band combination. 

· Method 2: introduce a new UE signalling in IE FeatureSetUplinkPerCC /FeatureSetDownlinkPerCC to allow UE report the minimum channel bandwidths it supports, then UE could report multiple feature sets with different maximum and minimum supported CBWs.
2. Actions:

To RAN2: RAN WG4 respectfully asks RAN WG2 to take above information into account for the signalling implementation
3. Date of Next RAN4 Meetings:

TSG RAN WG4 Meeting #99-e                    May. 19
– 27, 2021                  Online
TSG RAN WG4 Meeting #100-e

   August. 23– 27, 2021


Online
2
2

