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1. Introduction
Beamforming is a signal processing technique used in antenna arrays for directional signal transmission or reception. With beamforming, the UE may perform UL transmissions to different directions within a cell via different beam pair links. It is possible that different beam pair links may have different propagation delays. In other words, the UE may have to maintain multiple timing advance (TA) for different beam pair links of the same cell. RAN 1 has agreed to study multiple TA for one component carrier in NR Ad-Hoc meeting.
	RAN1 NR Ad-Hoc agreements [1]
· Study whether or not support non-coherent transmission scheme in uplink MIMO transmission to improve the reliability and capacity

· Study multiple timing advance for one component carrier (example scenario: multiple antenna ports / beams at UE pointing to different directions)

· Antenna port / beam indication in timing advance commands

· Multiple timing advance commands for one component carrier

· Study multiple power control for multiple anteznna ports/beams

· Antenna port / beam indication in power control commands

· UE reporting of the capability of multiple power control

· Study whether or not there is spec impact


Since TA maintenance is specified in RAN2 specification, this contribution discusses the corresponding RAN2 impact if multiple TA for a cell is supported.
2. Discussion
In NR, the UE may perform transmissions via different TRP beams or to different TRPs within a cell via different beam pair links as shown in Figure 1. The propagation delays of different beam pair links may be different. As long as the propagation delay is longer than the CP length, the UE should apply TA to avoid interference which may cause reception failures at the gNB. We consider that it is a possible scenario, especially in high frequency scenario. Therefore, the case of multiple TA for a cell needs to be taken into account. And the UE may need to simultaneously maintain multiple TA for a cell. Otherwise, if the UE only maintains one TA for the cell, the TA may need to be updated frequently, e.g. upon switching beam pair links for transmissions.
Proposal 1: RAN 2 should consider the case of multiple Timing advance for a cell.
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Figure 1
In LTE, the initial TA value is estimated by the eNB from PRACH. Then the eNB indicates the initial TA value via random access response (RAR), i.e. the initial TA value would be estimated and assigned during a random access procedure, e.g. for initial access, resuming UL synchronization, and serving cell change/addition. It is reasonable to consider the random access procedure as baseline to acquire initial TA value for different TA in case of multiple TA for a cell. Whether to have an additional mechanism could be FFS.
Proposal 2: In case of multiple TA for a cell, acquiring initial TA value for different TA by random access procedure could be baseline.
The mechanisms to maintain TA in LTE include a Timing Advance Command (TAC) MAC CE and a configurable TA timer: timeAlignmentTimer. The TAC MAC CE indicates the amount for adjusting the UL timing relative to the current UL timing. The TA timer is used to control how long the UE is considered UL time aligned. And the feasibility to apply these mechanisms to the multiple TA scenario, e.g. for different cells, is approved from LTE Rel-11. So we think the same mechanisms for maintaining UL Time alignment could be considered as baseline in case of multiple TA for a cell. Whether to have an additional mechanism could be FFS.
Proposal 3: In case of multiple TA for a cell, updating maintained TA by MAC control element could be baseline.
Proposal 4: In case of multiple TA for a cell, validity of maintained TA could be timer-based control.
3. Conclusion
Based on the analysis of this document, we have following proposals:
Proposal 1: RAN 2 should consider the case of multiple Timing advance for a cell.

Proposal 2: In case of multiple TA for a cell, acquiring initial TA value for different TA by random access procedure could be baseline.

Proposal 3: In case of multiple TA for a cell, updating maintained TA by MAC control element could be baseline.

Proposal 4: In case of multiple TA for a cell, validity of maintained TA could be timer-based control.
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