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1   Introduction
In RAN4#94e and #94e-bis meeting, the issues related to the impact of downlink timing difference on the time mask for ULSUP-TDM were discussed [1~4]. But there is no agreement. In the moderator summary [5] the following open issues are listed:

· Issue 5-1: Should the uplink timing difference between LTE and NR up to BS TAE+Tae be considered for ULSUP-TDM
· Issue 5-2: How to capture the impact of uplink timing difference on the core specifications for ULSUP-TDM
· Issue 5-3: Whether and how to test the time mask

According to the offline discussion, the operator requested to clarify the condition under which the time mask requirement applies, which is related to Issue 5-1 and Issue 5-2. Issue 5-3 is related to test method. In this paper, we would like to discuss those two parts.
2   Condition for ULSUP time mask requirements
2.1   Uplink timing for two independent transmissions
Before answering the question under what condition the time mask requirement(s) are specified in terms of timing, we should know what the uplink timing that should be considered is. According to TS38.133, there are several aspects which needs be considered to decide the uplink timing requirements such as UE transmit timing, MRTD and MTTD:

· BS timing alignment error (TAE): no specific requirements for inter-band EN-DC
· Propagation delay difference (TDPro): no specific requirement for inter-band EN-DC
· Initial transmission timing error (UE timing error limit Te): ±12×64TC
· TA resolution error (TRES): ±8×64TC
· UE timing advance adjustment accuracy setting error (TTAsetting): ±4×64TC
· Uncertainty of the reception timing in UE downlink (TDLe): ±10×64TC
For the UE, the timing requirement is specified in TS38.133 as
When the transmission timing error between the UE and the reference timing exceeds (Te then the UE is required to adjust its timing to within (Te. The reference timing shall be [image: image1.wmf]c
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Thus the uplink timing difference between two independent transmissions should be
Uplink timing difference = TAE + TDpro + 2×(Te+TRES+TTAsetting+TDLe)
Where TAE + TDpro is defined as MRTD for inter-band synchronous EN-DC, and the requirement is 33us. The uplink timing difference is defined as MTTD and the requirement is 33us + 2×(12+8+4+10)×32.552ns ≈ 33us+2.21us=35.21us. 
Basically, the EN-DC supporting ULSUP-TDM is an inter-band EN-DC configuration, because only inter-band EN-DC configurations with SUL or with FDD band with flexible duplex are specified for ULSUP-TDM. Because one carrier is shared dynamically between LTE and NR for ULSUP, the synchronous inter-band EN-DC is expected.

The above two requirements are basic requirements which applies for ULSUP capable UE and reflect the maximum receive timing difference and maximum uplink transmission timing difference between E-UTRA PCell and NR PSCell that UE is capable to handling. 

2.2   Is there any uplink timing (difference) as condition for time mask
If looking at the time mask requirements for single carrier and CA in TS38.101-1, we can realize that there is no uplink/downlink timing or timing difference specified as condition for any time mask requirement. For the time mask requirement or test, there is no uplink timing advance or timing adjustment being considered, too. The time mask requirement is purely RF requirement, which reflects RF capability.
For example, none of Te, TRES, TTAsetting and TDLe is taken into account when defining the transient period for single carrier based time mask. But if following the logic that the time mask requirement as core requirement should be complied with in the practical operation mode, then the sum of Te+TRES+TTAsetting+TDLe should be considered, which is around 2.2us and not trivial compared to specified transient period, i.e., 10us.
For CA time mask and EN-DC time mask, no TAE or TDpro are considered, too. The more typical cases are the time mask requirement for intra-band EN-DC with (Clause 6.3B.3 in 38.101-3) or without dual PA capability (Clause 6.3B.2 in 38.101-3) as below. For those requirements, no TAE or TDpro are applied as the condition, although the situation would be similar to ULSUP cases. For these intra-band EN-DC case, the MRTD requirement covering both TAE and propagation delay difference is specified for co-located deployment in TS38.133. The requirement is 3us.
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Figure 6.3B.2-1: E-UTRA to NR switching time mask for intra-band EN-DC without dual PA capability when single UL is allowed
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Figure 6.3B.3-1: E-UTRA to NR switching time mask for intra-band EN-DC with dual PA capability

Based on the above analysis, we have the observation that
· Observation 1: For the existing time mask requirements, no uplink timing or uplink timing difference between two transmissions are considered as the condition for the requirements. The existing time mask requirements are purely RF requirements under the ideal timing conditions.
2.3   What timing condition should be specified for time mask
If we want to specify some timing condition for time mask requirements, then we should apply the same principle for all the time mask requirements.
For the single carrier based time mask, the transient period is specified between the adjacent slots on the same carrier. Since there will be the filter applied for downlink timing estimation and the channel is highly correlated between the adjacent slots, the uncertainty of reception timing in UE downlink could be skipped, but the Te+TRES+TTAsetting=1.6us may need be considered as the additional period when defining the single carrier based time mask requirements.
In our view, the solution would be either to absorb the 1.6us in the existing transient period or to add the addition 1.6us for each transient period.

For the time mask requirement for switching between two independent transmissions on one CC or across CCs, the whole uplink timing timing difference = TAE + TDpro + 2×(Te+TRES+TTAsetting+TDLe) may needs be considered. But the impact on the performance should also be considered. 
2.4   Proposed condition to be considered
For the performance impact, we provide our views in [1,3]. If TAE = 0, the uplink timing difference for inter-band synchronous EN-DC would be 5.21us. As explained in our paper, there would be the performance loss if we allow such timing difference, e.g., up to 5.21us, between LTE and NR. Assume that there are two UEs which supports NSA with ULSUP. If there is up to 5.21us uplink timing difference between LTE and NR for a UE, then there would be up to 5.21us uplink timing difference between two UEs at the BS receiver side in one slot when UE#1 transmit NR and UE#2 transmit LTE in that slot. Thus the performance would degrade due to the mutual interferences between UEs especially when the higher modulation order is utilized.
As we said in [1,3], there would be different BS implementations:
· Implementation #1: there is no significant timing difference between LTE and NR for a BS

· Implementation #2: there is DL timing difference between LTE and NR, but the BS can control TAs for LTE and NR to compensate the timing difference such that there is no significant uplink timing difference between LTE and NR

· Implementation #3: there is DL timing difference between LTE and NR, and BS cannot control TAs for LTE and NR to align the uplink timing between them 

In our view, it is difficult to conclude that the up to 3us downlink timing difference between LTE and NR will lead to up to (3+uncertainty)us uplink timing difference in the sense that 3GPP should not preclude any BS implementation. In this regards, the compromised solution would be to set the uplink timing difference as the side condition for ULSUP timing mask requirement.

Since Rel-15 is closed, both BS and UE implementations would be ready. We are not in favor of changing the existing Rel-15 requirements. Thus we would like to propose that

· Proposal 1: For ULSUP time mask issue, our compromised solution is to 
· Specify the side condition of uplink timing difference between LTE and NR, and allow X us relaxation as additional period for the time mask in Rel-16
· FFS value of X
· X should be much less than MRTD requirement in order to ensure the performance 
· Keep Rel-15 requirements unchanged 
The value of X needs more discussion to ensure the smaller impact on the performance. But in our view the X could be 2×(Te+TRES+TTAsetting+TDLe) + margin for TAE, considering the impact on the uplink performance.
3   Test method for ULSUP time mask requirements
Regarding the issue 5-3, i.e., whether and how to test the time mask, we think it is beyond the scope of WID. The proposed approach in [2, 4], which would be based on single slot EVM measurement, needs more time for discussion. It is some kind of general solution for time mask testing or other core requirements. We do not think RAN4 could reach the concrete consensus on such approach within a short period. So we propose to move it to TEI for further discussion without impacting the completion of the current WI.
· Proposal 2: It is proposed to further discuss the test approach for time mask in TEI after completing this WI. 
4   Conclusions
In this paper, we discuss the open issues for ULSUP time mask. We have the following observations and proposals:
· Observation 1: For the existing time mask requirements, no uplink timing or uplink timing difference between two transmissions are considered as the condition for the requirements. The existing time mask requirements are purely RF requirements under the ideal timing conditions.
· Proposal 1: For ULSUP time mask issue, our compromised solution is to 
· Specify the side condition of uplink timing difference between LTE and NR, and allow X us relaxation as additional period for the time mask in Rel-16
· FFS value of X
· X should be much less than MRTD requirement in order to ensure the performance 
· Keep Rel-15 requirements unchanged 
· Proposal 2: It is proposed to further discuss the test approach for time mask in TEI after completing this WI. 
If there is any agreement in this WID, we would to apply the same principle for and re-visit other time mask requirements. 
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