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1	Introduction
The topic of 1Tx support for UEs in EN-DC has been discussed in RAN2 for two meetings. Based on discussion of R2-1707822, RAN2#99 originally proposed to send an LS to RAN4 on the capability signalling details, but RAN2 was eventually not able to conclude on sending the LS that was proposed in R2-1709843. RAN#77 also discussed the topic, and endorsed basic principles for RAN4 (RP-172064) and RAN2 (RP-172085), as indicated in the LS RP-172100. The way forward for RAN2 indicates the following:
	Define in RAN4 specs for which band combinations and channel allocations (to the extent specified by RAN4) within that band combination the UE is allowed to indicate that it does not support 2 simultaneous UL tx (this is not implying the granularity of the signalling)
Signalling to be defined to support the 'red text' from RAN4 part of the single tx discussion (i.e. as in RP-172064):
· UE capability indicates that the UE does not allow 2 simultaneous UL transmission for the RAN4 specified channel allocations in a given band combination. If the network chooses to operate the UE in a way that is not consistent with this capability indication then the UE behavior is not specified and the UE might not meet the performance criteria.



Here the “red text” refers to both the cases where 2Tx support is mandatory, and to those where 1Tx support is allowed. In this document, we discuss the remaining RAN2 work for the 1Tx support of EN-DC. Note that throughout this document, we will call the Single Uplink Operation as “SUO” operation for brevity.
2	Open questions for support of Single Uplink operation in RAN2
2.1	Stage-2 
The support of single uplink operation (SUO) would require some text in Stage-2 specification. Given that the behaviour relates to EN-DC, it seems most reasonable to capture this in the TS37.340 – see Annex C for example text proposal on this.
There are also some Stage-2 – level questions on the SUO to be decided in RAN2:
· UE knowledge: Is UE signaled any activity pattern, or is it fully handled by eNB coordination and scheduling?
· Control of SUO: Who decides on the UL activity pattern: MN, SN or both (e.g. via request-response mechanism)? Can either node request changes to the configured pattern? 
· This seems to be also a RAN3 question, as any coordination between the MN and SN might need to be reflected in the X2/Xn signaling.
· UL split: How does the SUO affect uplink split DRB operation? 
· SCG SRB: Can SCG SRB be used with SUO? 
· SRB priority: Is there a priority between DRBs and SRBs in case of SUO? For example, does SRB on one link have higher priority than DRB on another link regardless of the rules for SUO?
· SCG change: How does SCG change (which requires RA to PCell and PSCell) work with SUO?
Based on these, we see that there are some open Stage-2 issues to be resolved, requiring some RAN2 work. However, we think that the basic agreement could be that it is up to UE implementation what to do in case UE receives two UL grants when SUO would be allowed, i.e. UE could choose which grant to obey if it cannot do that for both. Similarly, whether certain features that may or may not work are expressly disallowed or left up to network implementation, we think leaving such cases to network implementation is easiest and avoids over-specification. 
Proposal 1: It’s up to UE implementation what to do if it receives UL grant when SUO is allowed. It is up to network implementation how to schedule UE during SUO.
Obviously, SUO would also require some Stage-2 text to be specified, as it concerns what is the expected UE behavior and network would have to configure its use.
Observation 1: SUO requires text in Stage-2 specification.
Therefore, we have provided a proposal for a starting MR-DC Stage-2 text in Annex C with a very bare-bones description. RAN2 can then adopt this as a baseline and continue the work to improve the description as needed.
Proposal 2: RAN2 to work on Stage-2 text (to TS37.340) on SUO. 

2.2	User plane 
To have SUO working in EN-DC, we attempt to analyse the different protocol impacts in UP:
MAC: There are several impacts to MAC operation when SUO is required.
· General: What happens when UL transmission direction is switched between LTE and NR? How is that captured in MAC specification? How is the UL activity pattern handled in MAC specification?
· SR: If SR triggers when UL is not available but there is no transmission in the other RAT, is it still allowed to be sent?
· BSR: Should BSR triggering be impacted by UL availability?
· PHR: Should PHR still be calculated based on the assumption that LTE and NR can transmit at the same time?
· LCP: No impacts identified
· DRX:  How does the UL activity pattern work with DRX? 
· Random access: If RA triggers when UL is not available but there is no transmission in the other RAT, is it still allowed to be sent? 
· HARQ: If UL feedback cannot be sent, will UE just drop it?
RLC: No RLC impacts identified
PDCP: Some PDCP impacts identified.
· UL packet duplication cannot work when two UL cannot be used. However, this can be handled by eNB configuration.
Based on these, it can be noted that some UP discussions may also be needed to resolve the remaining issues.
Observation 2: SUO affects at least MAC specification in RAN2.
2.3	Control plane 
The control plane aspects concern RRC signalling and RRC procedures: 
RRC signalling: Several aspects are still unclear and need some discussion.
· Capability signaling: How is the capability signaling defined for SUO? (See chapter 3 for analysis on this)
· Activity pattern signaling: If the UL activity pattern is signaled to the UE, what kind of format is used and in which configuration is it given (e.g. MAC, radioResouceConfigDedicated, EN-DC configuration)?
· SCell release/addition: Since SUO depends on band combination, what is required to be signaled when moving to/from using a band combination where SUO is allowed?
RRC procedures: Several aspects are still unclear
· General: What is needed to be captured in RRC procedures?
· Handover/SCG change: How is the single UL transmission handled in HO or SCG change? Are procedural changes needed compared to UE behavior without SUO?
· SCell release/addition: How to capture the SUO-related procedures in RRC? 
Observation 3: SUO has impact to ASN.1 definitions and may affect RRC procedural text.
2.4	Conclusions 
Given the mandate from RAN#77 in RP-172100, and because the SUO seems to have impacts to all of Stage-2, UP and CP work in RAN2, RAN2 should work on those aspects to provide the necessary functionality on time so that the feature is ready after RAN2#100. Therefore, RAN2 needs to finalize the functionality during the RAN2#100 to meet the EN-DC timeline.
Proposal 3: RAN2 to finalize Stage-2 and as much as possible of Stage-3 work on SUO during RAN2#100.
Further, since some aspects of the RAN2 parts of SUO may also impact RAN3 (notably the MN/SN coordination aspects). Since RAN3 has the same deadline as RAN2, an LS should be sent to RAN3 to inform them as soon as RAN2 has made decisions on the X2/Xn aspects. The same LS could then be used to inform also RAN1 and RAN4 at the same time.
Proposal 4: Send LS to RAN1, RAN3 and RAN4 informing them of RAN2 decisions on SUO.
Nokia volunteers to draft the LS on these agreements. 
3	Capability signalling
The most straightforward discussion for RAN2 is the capability signalling, which RAN2 always needs to define. The intent of the SUO is to allow UE to indicate it has IMD problems with few problematic band combinations due its RF implementation. Such cases were already considered in LTE CA, where IDC was used to let eNB know of UE issues. However, as per the RAN4 discussion (RP-172064, R4-1710049), such band combinations are assumed to be rare and exceptional cases, and most band combinations are expected to support the baseline 2Tx operation of MR-DC, as stated in TS 37.340 section 4.1.1.
Observation 4: SUO is only needed for some band combinations. The majority of band combinations will not have IMD issues that necessitate use of SUO.
Therefore, as the RAN4 way forward RP-172064 agreed, the band combinations for which SUO is allowed will be listed in RAN4 specifications. This work will happen in parallel to RAN2 discussions, so RAN2 capability signalling discussions should next consider the possible options.
Observation 5: RAN2 can work on the capability signalling while RAN4 works on which band combinations allow the use SUO.
Since the SUO restriction is NOT needed in all band combinations, as indicated by the RAN4 way forward. However, it has become apparent during the discussion that some companies might misuse the per band combination capability indications even for band combinations that have no IMD issues. Such a misuse of capability signalling should be avoided by ensuring that UE can only indicate the capability for cases where RAN4 has truly stated SUO is allowed (i.e. cases where the IMD problem really happens).
Observation 6: Signalling should ensure that UE cannot indicate SUO capability for band combinations which do not allow that.
The basic options for the signalling are quite straightforward: Per band combination or per UE. We see that the per UE capability signalling would be better based on the following argumentation:
· We would note that the UE capabilities for SUO may be needed for both LTE and NR. Therefore, having aligned approach for the signalling should be considered for both
· For LTE, polluting band combinations with more parameters should be avoided as much as possible, as per normal procedures. Using Per band combination capabilities will cause more capability signalling due to option of skipping fallback band combination in capability signalling. Therefore, avoiding per band combination signalling would help to avoid UE having to signal fallback band combinations just for the sake of SUO indication.
· The modified MPR bitmap is similar than this case: RAN4 defines the meaning of each bit, and RAN2 only implements generic signalling. This allows the work to continue in both groups without getting stuck on only capability signalling, which is just one aspects of the work. 
Observation 7: The modified MPR behaviour closely resembles the SUO, and similar signalling could work also for the SUO.
To show the current modified MPR signalling for LTE, see Annex A for the LTE definition of the modifiedMPR-Behaviour-r10. Similarly, Annex B shows how the capability signalling could be defined for the SUO, and similar approach could be taken for NR.
Proposal 5: Implement the capability signalling for SUO as a per-UE bitmap referring to RAN4 specifications where the allowed band combinations for SUO are listed (like with modifiedMPR-Behaviour-r10).
4	Conclusions
We have discussed the open issues for Single Uplink Operation (SUO) and observed the following:
Observation 1: SUO requires text in Stage-2 specification.
Observation 2: SUO affects at least MAC specification in RAN2.
Observation 3: SUO has impact to ASN.1 definitions and may affect RRC procedures.
Observation 4: SUO is only needed for some band combinations. The majority of band combinations will not have IMD issues that necessitate use of SUO.
Observation 5: RAN2 can work on the capability signalling while RAN4 works on which band combinations allow the use SUO.
Observation 6: Signalling should ensure that UE cannot indicate SUO capability for band combinations which do not allow that.
[bookmark: _GoBack]Observation 7: The modified MPR behaviour closely resembles the SUO, and similar signalling could work also for the SUO.
Based on these, we propose the following:
Proposal 1: It’s up to UE implementation what to do if it receives UL grant when SUO is allowed. It is up to network implementation how to schedule UE during SUO.
Proposal 2: RAN2 to work on Stage-2 text (to TS37.340) on SUO. 
Proposal 3: RAN2 to finalize Stage-2 and as much as possible of Stage-3 work on SUO during RAN2#100.
 Proposal 4: Send LS to RAN1, RAN3 and RAN4 informing them of RAN2 decisions on SUO.
Proposal 5: Implement the capability signalling for SUO as a per-UE bitmap referring to RAN4 specifications where the allowed band combinations for SUO are listed (like with modifiedMPR-Behaviour-r10).
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Annex A: The field modifiedMPR-Behaviour-r10 in LTE RRC
RF-Parameters-v10f0 ::=					SEQUENCE {
	modifiedMPR-Behavior-r10					BIT STRING (SIZE (32))				OPTIONAL
}

	modifiedMPR-Behavior
Field encoded as a bit map, where at least one bit N is set to "1" if UE supports modified MPR/A-MPR behaviour N, see TS 36.101 [42]. All remaining bits of the field are set to “0”. The leading / leftmost bit (bit 0) corresponds to modified MPR/A-MPR behaviour 0, the next bit corresponds to modified MPR/A-MPR behaviour 1 and so on. 
Absence of this field means that UE does not support any modified MPR/A-MPR behaviour.
	-




Annex B: Example of singleUplinkOperation-r15 for LTE RRC
RF-Parameters-v15xy ::=					SEQUENCE {
	singleUplinkOperation-r15			BIT STRING (SIZE (32))				OPTIONAL
}

	singleUplinkOperation
Field encoded as a bit map, where at least one bit N is set to "1" if UE indicates it requests Single uplink operation in band combination N, see TS 36.101 [42]. All remaining bits of the field are set to “0”. The leading / leftmost bit (bit 0) corresponds to single uplink operation in band combination 0, the next bit corresponds to single uplink operation in band combination 1 and so on. 
Absence of this field means that UE does not require single uplink operation in any band combination.
	-




Note: In this example, the size of the SUO bitmap is tentatively set to 32 (same as modified MPR bitmap size), but this may need further discussion and feedback from RAN4.

Annex C: Example of Stage-2 text for Single Uplink Operation for TS37.340

[bookmark: _Toc491859075]5	Layer 1 related aspects
Editor’s note: Only potential DC specific aspects are covered here. Other Stage 2 L1 related aspects are described in TS 36.300 and TS 38.300.
[bookmark: _Toc486030369]5.X	Support for Single Uplink Operation in EN-DC
For EN-DC band combinations with severe inter-modulation (IMD) issues for uplink, UE may indicate request to utilize only Single Uplink Operation (SUO), wherein UE would only transmit with a single uplink at a time. The uplink activity pattern for the SUO is decided by MN but SN may request to change it.



