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1. Introduction
RAN4 RRM on the WI “Extending current NR operation to 71GHz” has started. In particular, the following RAN4 impact is identified in the WID [1]:
· Core specifications for UE, gNB and RRM requirements [RAN4]:
· Specify new band(s) for the frequency range from 52.6GHz-71GHz. The band(s) definition should include UL/DL operation and excludes ITS spectrum in this frequency range.
· Specify gNB and UE RF core requirements for the band(s) in the above frequency range, including a limited set of example band combinations (see Note 1). 
· Specify RRM/RLM/BM core requirements.
At RAN#92-e, further updates were made to the WID. As a result, the following SCS is supported in the WI:
· In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz for data and control channels and reference signals.
· In addition to 120kHz, 480 kHz SSB is supported for initial access.
· Specify 480kHz and 960kHz SCS for SSB for cases other than initial access.
In RAN4 meeting#101-e, UE transmit timing was discussed and the agreements were captured in the WF [2]. In this contribution, we continue the discussion on UE transmit timing. 
2. Discussion
2.1 Initial transmit timing error
The following was captured in the WF [2]:
UL Timing accuracy requirements
· Basic principles
· FFS: Choose Te such that the condition TCP - TCH  - 2 ( Te + TAC,Q /2 ) > 0 holds
· FFS: When defining the margin for the Te calculation, discuss the values for maximum RMS channel delay spread for 480 kHz SCS, and 960 kHz SCS
· FFS: Cases for which the UE cannot meet the Te requirements derived in the abovementioned manner.
· Percentage of UL CP length Te can occupy
· Option 1: 40% - 50%
· Option 2: 30% - 40%
· Option 3: <30%
· SSB and UL SCS combinations
· RAN4 to specify UL timing accuracy requirements for the following (SSB SCS, UL SCS) combinations
· 120, 120
· 480, 480
· 960, 960
· FFS whether to define requirements for 
· 120, 960
· 120, 480
· 480, 960
· Other options with SSB SCS > UL SCS
· FFS: whether TRS can be used for RRC connected Te requirements
· Availability of SSB
· For UL SCS of 480/960 kHz, a UE is required to meet the UL timing accuracy requirements if an SSB is available in the last X ms.
· FFS: [X = 20ms], [X = 40ms], [X=TBD]
· Initial transmit timing accuracy test
· RAN4 to discuss if the initial transmit timing accuracy test for 480/960kHz SCS should be defined as of statistical nature during the RRM performance part of the work
Below we discuss those points in order.
Basic principles
While it is normally reasonable to consider choose Te to satisfy the condition TCP - TCH  - 2 ( Te + TAC,Q /2 ) > 0, as we argued in our previous contribution [3], we need to give due consideration to UE implementation. Some timing error components in implementation are bandwidth-dependent and others are not. In other words, one cannot expect timing error will decrease proportionately as the SCS scales up.
Regarding the RMS channel delay spread, even though in RAN1 study, depending on the channel model, TDL or CDL, the delay spread ranges from 5ns to up to 50ns. However, it is unclear what the actual delay spread is when considering the beamform effect. In 60GHz, the beam is expected to be even narrower than FR2-1 as larger number of antenna elements are expected to be used at both the BS and UE. With a narrower beam, the multipath effect should be further reduced, thereby making the actual delay spread smaller.
Observation 1: Considering the narrow beam in FR2-2, the actual delay spread is smaller than the ones used in the channel model.

Percentage of UL CP length
Given the implementation challenges, we prefer Option 1, and more specifically 50%. Note that the requirement under discussion is UE initial transmit timing error. In the transmissions after initial transmission, the UE is expected for perform better than the minimum requirements considering the use of TRS that spans the entire BWP.
Proposal 1: When considering the upper limit of Te, 50% of UL CP length is used.

SSB and UL SCS combinations
As previously discussed, we think the discussion on whether to define requirements for (120, 960), (120, 480), (480, 960), etc. can be deferred because 1) The support of mixed numerology at the UE is a UE capability and many UEs choose not to support it because of implementation complexity; 2) the combination of an SSB SCS with a larger UL signal SCS proves to be very challenging from implementation’s point of view. 
Proposal 2: Requirements for the following cases can be deferred:
· 120, 960
· 120, 480
· 480, 960
· Other options with SSB SCS > UL SCS

Whether TRS can be used for RRC connected Te requirements
First, it is encouraged for network vendors to provide more inputs if TRS is used in the real deployment, in response to comments raised at the last meeting.
If it is indeed used in the field, it should be further considered as it does help UE to meet the challenging requirement. At the same time, it remains to be seen what the exact impact on UE implementation is. For example, the UE in DRX may have to wake up earlier to perform TRS measurement, which could consume more power. If TRS measurement is assumed as a precondition for meeting the Te requirement, it seems appropriate to define it as a UE capability.

Availability of SSB
We are supportive of making SSB available at a short period. From the standpoint of helping UE meet the Te requirement, it seems X=20ms is preferable to X=40ms or any other larger values. While more frequent transmission of SSBs may consume more power at the BS, it is worthwhile to adopt it in order to help mitigate the UE implementation challenges, at least for the most challenging case of UL SCS of 960kHz. 

Initial transmit timing accuracy test
The agreement “RAN4 to discuss if the initial transmit timing accuracy test for 480/960kHz SCS should be defined as of statistical nature during the RRM performance part of the work” is OK since the testing is performance part and usually discussed after the core requirements are done. However, given the challenging core requirement, it may be useful to consider the testing and core requirement together to speed up the progress of the core requirement discussion.
Proposal 3: RAN4 considers the testing and core requirement together to speed up the progress of the core requirement discussion.
3. Conclusion
In this contribution, we further discuss the open issues of UE UL transmit timing requirement and make the following observations and proposals.
Observation 1: Considering the narrow beam in FR2-2, the actual delay spread is smaller than the ones used in the channel model.
Proposal 1: When considering the upper limit of Te, 50% of UL CP length is used.
Proposal 2: Requirements for the following cases can be deferred:
· 120, 960
· 120, 480
· 480, 960
· Other options with SSB SCS > UL SCS
Proposal 3: RAN4 considers the testing and core requirement together to speed up the progress of the core requirement discussion.
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