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1. Introduction
In RAN#90[1], RAN2 was tasked to complete the Rel-16 RRC based DC location reporting signaling for 2 UL CCs in RAN#91e, addressing the case of 2 UL CCs. It would be better if solutions also consider the signaling overhead and future proofness aspects.
In R2-112e[2],  we discussed the RAN4 LS [3] and agreed to use RRC based signaling to report DC location. We further discussed the solutions in Email discussion [AT112-e][024][R4 NR16] DC Location[4].
In this contribution, we would further discuss the RRC based signaling method for DC location reporting in Rel-16, and advanced methods for signaling overhead reduction.
2. Discussion
Regarding DC location reporting, we aim to provide:

· RRC based signaling method for DC location reporting in Rel-16, 
· Advanced methods for signaling overhead reduction for more than 2 UL CCs.
As discussed in [4], RAN4 is focusing on the below options to define further the Tx DC location information transfer from the UE to the network.

	o   Option 1:  
  Network to provide a list of likely BWP permutations to UE
  DC is never located in some CC’s and UE will not include DC location those CC’s
  Network can reduce the list of BWP permutations if UE informs that some BWP’s have no impact on DC location
o   Option 2:  The DC locations for a CA combination are determined by the activated lower bound CC in the lowest frequency and activated upper bound CC in the highest frequency. Only report possible DC locations for all the 2CCs pairs within the configured CA band combination. The maximum number of possible DC locations for UL CA with nth UL contiguous carrier in a band would be [Cn2*16].
o   Option 3: As default, network considers DC location for intra band UL CA is the center of the lower edge of the lowest CC and the higher edge of the highest CC among all the active CCs.
If a UE has an additional DC location reporting for intra-band CA, the network considers DC location is the center of the lower edge of the lowest active BWP and the higher edge of the highest active BWP among all the active CCs.
o  Option4: dynamic signaling without a specific solution


We would discuss the details of RRC based signaling methods in the following sections.
2.1. DC Location Reporting
Firstly, One direction of solution is to report each TX DC location based on permutations of all possible simultaneously activated BWPs within configured BWPs. The requirement is min 2 UL CC per UE (NOTE: 2 per FR1 + 2 per FR2). In Rel-16, UE can be configured up to four BWP’s for each cell. Then, there are 16 permutations of possibly simultaneously activated BWPs when configured for two cells. 
In the existing DC location reporting mechanism, UE should report the field of uplinkTxDirectCurrentList in RRCReconfigurationComplete and RRCResumeComplete message when it receives the indication of reportUplinkTxDirectCurrent in RRCReconfiguration message and RRCResume message. The IE UplinkTxDirectCurrentList indicates the Tx Direct Current locations per serving cell for each configured UL BWP in the serving cell, based on the BWP numerology and the associated carrier bandwidth. That is, each DC location at least contains serving cell index, BWP-id, and the txDirectCurrentLocation. Among them, the serving cell index and BWP-id is extracted from network configuration and explicitly indicated. 
For 2 UL CCs, DC locations can be reported in addition to existing DC location reporting. However, the signaling overhead significantly increases along with the number of permutations of all possible simultaneously activated BWPs. To reduce the message size of the reported configuration from the UE, UE may only report the txDirectCurrentLocation information based on predefined CC/BWP permutations, the network can derive the serving cell index and BWP-id information from the predefined CC/BWP permutations. 
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Figure 1 Predefined CC/BWP Permutations
As shown in Figure 1 for example, we define the default CC/BWP permutations, which supports all possible CC/BWP configuration. Each BWP set can be indexed. UE may construct the txDirectCurrentLocation information with BWP set index, but without explicit information for the serving cell and BWP. After receiving the txDirectCurrentLocation information, the network can decode BWP index according to the default CC/BWP permutations.
Proposal 1 UE reports Tx DC location information based on predefined CC/BWP permutations. BWP set info is indexed in the predefined CC/BWP permutations and not reported.
2.2. Signaling Message Size Compression
In FR1, the maximum number of possible DC locations for UL CA with nth UL contiguous carrier in a band would be [Cn2*16]. The requirement is min 2 UL CC per UE (NOTE: 2 per FR1 + 2 per FR2). In case of more than 2 UL CCs, the permutations of all possible simultaneously activated BWPs are much more than  2 UL CCs case in Rel16.
Considering forward compatibility to more than 2 UL CCs and/or FR2,  we need further signaling message compression to support reporting much more potential Tx DC location information.
As discussed in the previous section, BWP sets can be defined and indexed in the default CC/BWP permutations. BWP set can be numbered in order. there is further space to compress the message size:
· Only consider the possible simultaneously activated BWPs.  The possible supported BWPs may be vast, but the possible simultaneously activated BWPs may be limited. Then we can only consider the permutations of all possible simultaneously activated BWPs. in this way, the number of possible BWP sets can be reduced. Moreover, we may use a bitmap to indicate the BWP sets.
· UE only reports the possible Tx DC locations. It’s possible that not every BWP contains DC locations. Then UE can only report the valid DC locations, for which the BWP sets are limited. For example, UE may omit the DC location reporting for some BWP sets if the DC location is not on either BWPs.
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Figure 2 DC Location based reporting for Possible BWP sets
As shown in Figure 2, although the number of possible supported BWP Sets is 16, the possible DC Locations which on the activated BWPs may be 4. It’s worth noting that, the possible Tx DC location is UE implementation related, the example here is just for analysis of signaling compression.  To further compress the signaling size, we may firstly list the possible DC locations, then list the corresponding BWP sets using the BWP set index according to predefined CC/BWP Permutations.

Therefore, we propose to consider signaling size compression by only reporting possible Tx DC location on possible BWP sets.
Proposal 2 Compress the signaling size by reporting only possible Tx DC locations on possible BWP sets. 
2.3. More DC Location Locations
As we know, the number of Tx DC locations depends on the number of PAs the UE is using. one DC location is determined for single PA, while two DC location is determined for dual PA.  The existing DC location reporting can support one DC location reporting, e.g. 2 CCs UL CA with single PA, but need further enhancement to support more DC locations.
In case of two DC locations with dual PA, as shown in Figure 3, UE uses each PA to support different band ranges, which means only part of configured BWPs will be combined on each PA, and finally generate one possible DC location on each PA.
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Figure 3 DC Location Locations in Different CC/BWP Range
 Therefore, UE may report the number of DC locations(1 or 2), and the corresponding CC/BWP range, which will help to reduce the possible permutations of  BWPs.

Proposal 3 UE reports the number of DC locations, and the corresponding CC/BWP range.
3. Conclusion

Based on the discussion, we have the following proposals:
Proposal 1 UE reports Tx DC location information based on predefined CC/BWP permutations. BWP set info is indexed in the predefined CC/BWP permutations and not reported.
Proposal 2 Compress the signaling size by reporting only possible Tx DC locations on possible BWP sets. 

Proposal 3 UE reports the number of DC locations, and the corresponding CC/BWP range.
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