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1. [bookmark: OLE_LINK3]Introduction
RAN#77 endorsed basic principles for RAN4 [1] and RAN2[2], as indicated in the LS[3]. During the RAN2#99bis discussion on SUO operation, the capability signalling was discussed. Some companies prefer a per band combination capability and others prefer a bitmap. The following agreements were reached.
Agreements:	
1 For timing information provided to the UE, RAN2 will follow the RAN1 agreements (RAN2 understanding is that some timing information based on TDD UL/DL configuration may be provided in LTE, and no RRC signaling to be added in NR)
2 RAN2 will define capability signalling per problematic case (as defined in RAN4) to indicate whether the UE support 2 simultaneous UL transmissions for the problematic case. FFS how this is structured in RAN2 (e.g. per UE bitmap or per BC bits, etc)
(If RAN4 conclude that there are no problematic cases then these capabilities will not be introduced)
There is also one email discussion [99bis#15] is going on.This paper discusses how to design RAN2’s capability signalling by taking RAN4’s agreement into account.
1. [bookmark: OLE_LINK9]Discussion
In the email discussion [99bis#15] there are mainly 2 alternatives to capture the agreement in RAN4 as RAN2’s capability signalling:
Alt1: To have a separated list of channel allocation out of band combination structure for UE to indicate whether it need 1 TX transmission
Alt2: To mark per band combination that UE need 1 TX transmission for some channel allocation combinations which will be identified by RAN4 
The essential difference between these two approaches is the granularity of the capability signalling i.e .per channel allocation combination or per band combination.
The phased approach for stand alone and non-stand alone in R15 is mainly because some operators has strong market demand for non-stand alone mode. And chip vendors will design their hardware based on the first drop of R15 specification which will occur in Dec. 2017. Whether UE can do 2TX transmission or not for one specific band combination or channel allocation combination within one band combination is up to the hardware design but not software because inter-modulation issue is confirmed as RF issue by RAN4 and should be resolved by TDM way between problematic bands as agreed in RAN1. To signal the UE capability per channel allocation but not per band combination means UE’s hardware can already treat the difficult channel allocations within difficult band combination differently for the first version of hardware design. We are afraid that this actually will not happen. To design UE capability per channel allocation in such way will most likely an over kill. We think per band combination granularity is sufficient for R15. This potentially mean once band combination is marked by UE as “difficult”, all the difficult channel allocations within that band combination are also difficult which will be identified by RAN4 in the future meetings.
Another point is that the analysis on channel allocation obviously can’t be finished at next RAN4 meeting. And we believe it may last beyond the R15 time line. The consequence is that some channel allocation identified as difficult will not be included within UE’s capability signalling if the UE is rolled out early and Alt1 approach is taken. Then the question is how does network interpret these missed channel allocation? It seems only way is to take these missed channel allocation as difficult i.e. simply refer to RAN4’s specification. Therefore Alt1 demands that network need check both UE’s capability signalling and RAN4’s specification. 
Proposal1: to agree that UE capability for 1TX transmission should be set per band combination in R15

Considering not all the channel combination will be finished at next RAN4 meeting, it is possible that one band combination is identified as difficult one, but no channel allocation is identified as difficult yet. If a UE can already treat this band combination as easy one, there is no problem. But if UE is not sure about this band combination at all, then it should be clear how can UE report.
There are two ways to treat it. Alt1 is that UE still report it as difficult band combination, but actually network will not take any action since no channel combination so far is problematic. Alt2 is that UE report it as easy band combination to save network’s effort. To avoid any confusion in the spec we think Alt1 is more reasonable. The status of the channel combination will update from time to time. If some channel allocations are identified difficult later on then UE’s capability will mislead network if Alt2 is taken. In short if one band combination is identified as difficult by RAN4 and UE has potential problem, then UE should always mark it as difficult in the UE capability signalling even no channel allocation is identified as difficult so far.
Proposal2: if one band combination is identified as difficult by RAN4 and UE has potential problem with it, then UE should always mark it as difficult in the UE capability signalling even no channel allocation is identified as difficult so far.

When one band combination is identified by RAN4 as “difficult”, still not all the potential channel allocation combination is also “difficult”. RAN4 already indicated in the LS [4] that “RAN4 informs RAN2 that all easy channel combinations within difficult band combinations shall support concurrent 2UL”. That mean only partial channel allocation combination will be difficult. In the RAN4’s way forward R4-1711618, RAN4 gives some clue how to identify them e.g. one general formula as well as other aspects like RF structure. Once difficult channel allocations are identified, network can refer to those results in RAN4’s specification for one specific difficult band combination.
Proposal3: Only difficult channel allocation of signalled difficult band combinations needs 1TX transmission
Proposal3a: Easy band combination or easy channel combination within difficult band combination shall still support concurrent 2TX transmission
 
One issue is mentioned during offline discussion at last RAN2 meeting for per band combination approach is that how can network interpret fall back cases of one band combination if it is marked as difficult? Here is one example:
Band A (LTE) + band B (LTE) + band C (NR)
The fall back cases are:
Band A (LTE) + band C (NR)
Band B (LTE) + band C (NR)
The answer depends on the reason why original band combination is marked as difficult. If it is because e.g. IMD2 of band A and band B falls within band C but nothing else, then fall back cases are not difficult. Or if it is because 2IMD of band A and band C falls within band A but nothing else, then first fall back case is also difficult. 
There are two alternatives to resolve this problem:
Alt1: to make it clear in RAN4 specification why this band combination is marked as difficult
Alt2: to reflect in the capability signalling.
Alt1 means every time when RAN4 finish analysis of one specific band combination or channel allocation, RAN4 should capture all the reason in the RAN4 specification if it is identified as difficult one. In such way UE’s capability can be interpret that some of the fall back cases could also has problem and the detail can be found in RAN4 specification. In addition even for band combination between one LTE band and one NR band, it is not clear what the real problem is when it is marked as difficult band combination i.e. 1 bit itself doesn’t explain the detail reason. So to capture the real problem in the RAN4’s spec is also helpful for this simplest case. Alt2 means UE’s capability signalling should at least include problematic fall back cases. It will increase the capability signalling overhead but doesn’t explain all the detail reasons. So Alt1 sounds much simpler and future proof.
Proposal4 when one band combination is marked as difficult then fall back cases of this band combination may also have problem. But the detail should be reflected in RAN4 specification.
1. Conclusion
Proposal1: to agree that UE capability for 1TX transmission should be set per band combination in R15
Proposal2: One band combination is identified as difficult by RAN4 UE should always mark it as difficult in the UE capability signalling regardless the progress and result of the analysis of channel allocation in RAN4.
Proposal3: Only difficult channel allocation of signalled difficult band combinations needs 1TX transmission
Proposal3a: Easy band combination or easy channel combination within difficult band combination shall still support concurrent 2TX transmission
Proposal4: RAN2 is kindly asked to discuss whether a channel allocation will be always captured in RAN4 spec before it goes to market.
Proposal5 when one band combination is marked as difficult then fall back cases of this band combination may also have problem. But the detail should be reflected in RAN4 specification.
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