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1   Introduction
In RAN#86 the issue related to the impact of downlink timing difference on the timing mask for ULSUP-TDM was discussed [1]. As the conclusion the new objective was added in the WID for RF1 RF requirement enhancement [2]. In this contribution we would like to provide our view on this issue.
2   Discussion
In [1], a guard period is proposed to accommodate a DL/UL transmit timing misalignment between CGs. It is proposed that the duration of the guard period corresponds to a collocated case with MRTD = 3us. And for UE, after the switching, the succeeding slot/subframe can start anywhere within a GP centered at the end of preceding subframe/slot.

In our view, there would be two key aspects which would be new compared to Rel-15

· The new requirement enable an EN-DC BS where the downlink timing difference translates into uplink timing difference, where the maximum downlink timing difference is 3us.

· The requirement requests UE to adjust uplink transmission timing on one carrier slot by slot.

2.1   Analysis from network side
Firstly for the first aspect, assume that there are two UEs at the same location, who observe the same downlink timing difference between LTE and NR carriers. Assume that the difference is 3us. Because the downlink timing difference translates into uplink transmission difference, then the uplink transmission timing difference between LTE and NR for a UE is 3us. The ULSUP-TDM can be configured per UE. In Slot #1 UE A transmits NR, while UE B transmits LTE. Both LTE and NR use 15KHz SCS. Then the in Slot #1 BS will receive a NR signal and a LTE signal with 3us timing difference between them.
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Figure 1: ULSUP-TDM scenarios where DL timing difference translates into uplink transmission timing difference

3us is comparable to CP length.There would be some interference with each other between NR and LTE signals from the different users, which will cause the performance loss especially for higher order MCS. Besides, due to possible up to 3us timing difference, the FFT window at the BS receiver should be carefully chosen. Either the CP would be eaten up or there would be inter-symbol interference.
Moreover, for this scenario, the single receiver baseband (FFT with post phase rotation for NR) may not be capable of handling LTE and NR simultaneously on the shared uplink carrier.
Figure 2 show more efficient scenario where the BS can adjust the TAs for LTE and NR properly to ensure their uplink transmission timing is aligned with each other. For scenario, firstly there is less interference between LTE and NR signals in the adjacent PRBs and secondly the single receiver baseband can be used or shared to handle both LTE and NR uplink.
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Figure 2: ULSUP-TDM scenario where the LTE and NR uplink transmissions are algined in time
So in our view the EN-DC network which translate the downlink timing difference between LTE and NR into uplink timing difference is not preferable for ULSUP-TDM.
· Observation 1: There would be uplink performance loss if there is up to 3us uplink transmission timing difference between LTE and NR for ULSUP-TDM.
2.2   Analysis from UE side
From UE side, it would be obvious that the scenario shown in Figure 2, where the network can guarantee the uplink transmission alignment, is easier for UE to support. UE may use the same baseband with additional phase rotator for 7.5KHz uplink shift for NR signal to transmit both LTE and NR. The FFT window can be the same.

For scenario shown in Figure 1, UE firstly needs to change the uplink transmission timing (FFT window) slot by slot on the shared carrier and secondly UE need to decide whether to drop part of previous signal or pad the zero signals to delay the transmissions. That UE capability would be similar to that for supporting DAPS transmissions, where two uplinks in TDM mode to separate BS-s are required.
More complexity for UE can be observed.
2.3   Proposals
The newly added objective is 

· Modify time masks for ULSUP-TDM that account for UL timing misalignment between the EUTRA and NR cell groups

· EUTRA and NR antennas assumed to be collocated (the assumption of UL timing misalignment is up to 3us)

· Applies to band combinations specified in Rel-16.

· Identify band combinations (if any) for which release independence can be applied

· Investigate and capture as needed the condition under which the modified time mask requirement applies.
According to the above analysis, there would be two types of UE capabilities for ULSUP:

· Capability #1: UE cannot support the ULSUP-TDM with uplink timing difference between LTE and NR
· Capability #2: UE can support the ULSUP-TDM with uplink timing difference between LTE and NR

Since the separate capabilities are identified from the implementation point of view, we think it would be reasonable to define the separate timing mask requirements in the separate sub-clauses, and make it clear that the original one applies to the case where there is no uplink timing difference and the second one applies to the case where there is uplink timing difference.
Since the Rel-15 ULSUP requirements are defined under the assumption that there is no uplink timing difference, the ULSUP-TDM with uplink timing difference to be defined in Rel-16 could not be supported by Rel-15 ULSUP capable UE.
So for this feature, i.e., ULSUP-TDM with uplink transmission timing difference, could not be feasible to define in a release independent way. Thus this feature would have backward compatible issue.
· Proposal #1: Specify the new timing mask requirements for ULSUP-TDM with uplink timing difference in a new sub-clause different from the existing timing mask.
· Proposal #2: Define a new UE capability to indicate whether UE can support ULSUP-TDM with uplink timing difference.
Regarding how to define with and without uplink timing difference, in our view, “without timing difference” means that the uplink transmission timing difference for a UE between the adjacent slots is within the Timing Advance adjustment accuracy.
3   Conclusions
In this paper, we analyze the impact of uplink transmission timing difference on the performance and implementation complexity for BS and UE. According to our analyses we have the following observation and proposals:

· Observation 1: There would be uplink performance loss if there is up to 3us uplink transmission timing difference between LTE and NR for ULSUP-TDM.
· Proposal #1: Specify the new timing mask requirements for ULSUP-TDM with uplink timing difference in a new sub-clause different from the existing timing mask.
· Proposal #2: Define a new UE capability to indicate whether UE can support ULSUP-TDM with uplink timing difference.
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