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1. Introduction

It was raised in RAN4#93 that the timing requirements related to ULSUP-TDM need to be considered. It is observed that time mask requirements for UE transmitting between LTE and NR carriers may need to be updated in consideration that the LTE and NR have misaligned DL timing. The updated time masks should allow the UE to handle at most 3us misalignment from the downlink timing under a co-located deployment. It is worth noted that the outstanding timing issues are generic to ULSUP-TDM operations that it is better to consider them outside the variable duplex FDD bands work item.
In this contribution, we discuss further on the time mask requirements and propose to reach consensus in this meeting on how to proceed with the outstanding open issue within reasonable scope and time scale.
2. Discussion
2.1. Timing issues of ULSUP
Timing requirements for the variable duplex FDD bands and related UL sharing operations were discussed in [1]. By making clear the applicability of the time masks for ULSUP-TDM in 38101-3, the issue imposed by misalignment between LTE and NR in collocated EN-DC deployment can be clarified. 
The existing UE switch time masks for ULSUP-TDM are specified as in the below figures, which do not explicitly specify the possible 3us timing misalignment between LTE and NR downlinks. In R15, it is left to implementation how the UE is to handle this misalignment.
[image: image1.png]Figure 6.3B.1.1-2: NR to E-UTRA switching time mask for type 1 for TDM based UL sharing from UE
perspective within FR1
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Figure 6.3B.1.1-3: E-UTRA to NR switching time mask for type 2 for TDM based UL sharing from UE
perspective within FR1




There are 3 different relevant deployment scenarios from network perspective.

· Scenario #1: From network side, LTE and NR share the same antenna and then the timing difference between LTE and NR is similar to that for CA between two CCs, i.e., 260ns. In this scenario, no 3us additional time is needed;

· Scenario #2: From network side, LTE and NR are collocated but there is still 3us downlink timing difference, but network knows the TAs from both LTE and NR and can align the uplink transmission time between LTE and NR. In this scenario, there is no 3us additional time difference for uplink;

· Scenario #3: From network side, LTE and NR are collocated but there is still 3us downlink timing difference, and networks cannot share TAs from LTE and NR and thus cannot align the uplink transmission time between LTE and NR. In this scenario 3us downlink timing difference translates into 3us uplink timing difference provided no further UE behavior clarifications.

Considering the above three scenarios, the downlink timing alignment error between LTE and NR may or may not cause the uplink transmission timing difference at UE side.
· Observation 1: Downlink timing alignment error between LTE and NR may or may not cause the uplink transmission timing difference at UE side depending on the network implementations.
2.2. UE behaviors within the time masks

There are two cases where 3us can have impact on the time masks.

· Overlapped DL slots between preceding and succeeding transmissions

· Transmission gap between preceding and succeeding subframe/slot in time due to DL timing differences

In overlapped case, the UE should follow one of the timings provided at most 3us overlap should be considered. Thus the UE should be allowed to drop either side of the UL transmission during the overlapped period. There would be different UE implementation. One way is to specify explicitly in spec on which side (LTE/NR) the UE is allowed to drop the transmission. The other way is to leave to UE implementation since it is related to UE behavior within the transient period.
In the case where there is a gap between the preceding and succeeding subframe/slot, the UE may or may not need extend the transient period if at most 3us additional margin is considered, depending on UE implementation.
In our view, we should leave more flexibility for UE to support such transient period when the downlink timing alignment error can cause the uplink transmission timing alignment. In other words, it is up to UE implementation when the succeeding subframe/slot ends and when the preceding subframe/slot starts during the transient period when up to 3us uplink transmission timing alignment error is taken into account.
· Observation 2: There would be different UE behaviors during the transient period when the downlink timing alignment error can cause the up to 3us uplink transmission timing alignment for co-located intra-band EN-DC.
· Proposal 1: Accommodate up to 3us uplink transmission timing alignment error in the specification in a flexible way that different UE implementations are allowed.
2.3. Way forward to proceed
Based on the analysis of above cases, there may or may not be 3us timing difference for uplink transmission. To accommodate the different BS implementations, and to allow the additional 3us transient period for the succeeding subframe/slot, we need to have somewhere to have the discussion at least in a generic way. And the impact of downlink timing alignment error on the uplink timing mask is a common issue for EN-DC and not a specific topic for FDD with variable duplex.
In the last RAN4 WG, chairman proposed the below ways to proceed the variable duplex FDD work item:

	Chairman proposal:

· Timing mask requirement is generic requirements for all the bands including New FDD bands with variable duplex and other bands with uplink sharing 

· RAN4 is going to introduce the generic timing requirements in 

· either separated WI (new WI or existing WI) 

· SUL band combination basket WI 

· WI for FDD band with variable duplex will proceed based on Rel-15 requirements without any new signalling in Rel-16

· If all the band specific requirements for new FDD band with variable duplex are completed, this WI can be closed




· Proposal 2: Discuss and introduce ULSUP-TDM time mask requirements enhancement in R16 as a generic requirements.

· Proposal 3: Consider the following options to discuss and introduce the abovementioned time mask requirements enhancement:
· Option 1: In a new work item
· Option 2: In variable duplex FDD work item and decide its closure according to the decision of the company CRs
3. Conclusion
In this contribution, we discuss further on the time mask requirements and propose to reach consensus in this meeting on how to proceed with the outstanding open issue within reasonable scope and time scale.
Regarding how to specify the timing mask requirements, we have the following observations and proposals:

· Observation 1: Downlink timing alignment error between LTE and NR may or may not cause the uplink transmission timing difference at UE side depending on the network implementations.
· Observation 2: There would be different UE behaviors during the transient period when the downlink timing alignment error can cause the up to 3us uplink transmission timing alignment for co-located intra-band EN-DC.
· Proposal 1: Accommodate up to 3us uplink transmission timing alignment error in the specification in a flexible way that different UE implementations are allowed.
Regarding how to proceed for the work, we have the following proposals:
· Proposal 2: Discuss and introduce ULSUP-TDM time mask requirements enhancement in R16 as a generic requirements.

· Proposal 3: Consider the following options to discuss and introduce the abovementioned time mask requirements enhancement:

· Option 1: In a new work item
· Option 2: In variable duplex FDD work item and decide its closure according to the decision of the company CRs
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