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1. Introduction
In the RAN 1 #86 meeting it has been agreed in [1] that different beam correspondence assumptions need to be considered for beam management. It has been stated that “Without TX and RX beam correspondence, beam management procedure may require TX and RX beam sweeping in both DL and UL links”. Beam sweeping not only has impacts on the selected beam for transmission/reception, but also has impacts on the propagation delay estimation for the data link. In RAN1 #88 meeting, the SRS with beam sweeping has been agreed. [2] So for uplink, it is possible to maintain more than one beams and perform independent beam management. Further, in RAN1 #89 meeting, some discussions on TA for uplink multi-panel and multi-TRP operation were made. [3] This contribution discussed potential issue of time advance (TA) for multi-beam and multi-panel operation. 
2. Discussion
2.1 TA for multi-panel UE
One UE may have multiple antenna panels, and each antenna panel can be used to transmit and receive independently. If each panel is used to communicate with one TRP, the UE can be in intra-frequency Dual-Connectivity (DC) mode, as shown in Figure 1. Then different channel path can be observed from different links. Thus different propagation delay can be observed in different antenna panels. Another possible scenario is that the UE is in beam aggregation mode, which means the UE could use multiple beams in different panels at one time to transmit data to the TRP. Then different propagation delay can be observed in different path. Therefore, with regard to possible different propagation delay for different panels in multi-panel and multi-TRP operation, the UE antenna panel specific TA should be taken into account.


Figure 1: example for multi-panel transmission
Proposal 1: with regard to possible different propagation delay in different antenna panels for multi-panel and multi-TRP operation, the UE antenna panel specific TA should be supported.
2.2 TA for multi-beam transmission
In order to maximize the benefits of UE beamforming, it is better to incorporate UE beamforming earlier than later. To incorporate UE beamforming gain in initial access, it would be beneficial for the UE to perform DL beam management procedure P-1 to acquire TRP TX beam and UE RX beam. However, there is no guarantee that the acquired TRP TX/UE RX beam is the best TRP TX/UE RX beam pair. In fact, UE may trade the acquired beam quality with the access latency as further beam optimization for data communication can be left for DL beam management procedure P-2/P-3. For UE with at least partial beam correspondence, it can use the acquired RX beam as TX beam to send PRACH signal. On the other hand for UE without beam correspondence, UE/TRP has to perform independent UL beam management. Similarly, UE/TRP can perform UE TX/TRP RX beam sweeping until a good UE TX/TRP RX beam has been identified. Although the channel by nature is reciprocal in particular in a TDD system, the acquired TRP TX/UE RX beam pair may propagate through different channel paths from the acquired UE TX/TRP RX beam pair due to independent DL/UL beam management procedures. 
The TRP estimates the uplink timing advance as tTA which can be quantized from the RTT , where  indicates the time difference between the first and second channel clusters that the DL and UL beam pair propagate through. Hence the range of TA could be impacted by the time difference caused by different beams in DL and UL.
In NR channel model discussion [4], it has been observed that the channel delay spread has little frequency dependency. On the other hand, the pathloss significantly increases with carrier frequency. It is also reasonable to assume that the available bandwidth at high frequency becomes much abundant than in low frequency. It can be foreseen that we may design a NR system at high band featured with large number of antennas at TRP and UE and much shorter OFDM symbol duration compared to low band. As it is well known that CP is used to accommodate the channel multi-path, the same CP length becomes unaffordable at high band to accommodate similar channel delay spread as low band. And luckily the channel delay spread is much reduced after beamforming which allows keeping similar CP overhead with a much shorter OFDM symbol. However, the TA estimation error caused by independent beam sweeping at DL/UL still has little frequency dependency. Therefore when determining the range of TA, the additional TA caused by independent DL/UL beam sweep should be taken into account.
Further, there may be more than 1 strongest channel clusters between one UE and one gNB. Then multiple BPLs may be maintained. However the delay of different channel clusters could be different. Then for some numerologies, the TA for different BPLs should be quite different. Figure 2 illustrates one system level simulation result for the C.D.F. of the timing difference between two strongest BPLs, where the Ts is derived with the assumption of 15 kHz subcarrier spacing. Different BPLs mean different Tx and Rx beams. It is assumed that the gNB has 48 beams and the UE has 27 beams. Detail simulation assumption is shown in Appendix. It can be observed for some numerology, such as 60 kHz or 120 kHz, the timing difference between two BPLs could exceed the CP. Hence for some numerologies, the BPL specific TA should be supported.
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Figure 2: C.D.F. of timing difference between two strongest BPLs
Observation 1: For some numerology, such as 60 kHz or 120 kHz, the timing difference between two BPLs could exceed the CP.
Proposal 2: The additional TA range  caused by independent DL/UL beam sweep should be taken into account when determining the range of TA, and the range of TA should be determined by the capability of gNB and UE beam correspondence.
Proposal 3: The BPL specific TA should be supported.
3. Conclusions
In this contribution we have discussed the TA for multi-beam operation, and based on the discussion we have achieved the following observations and proposals.
Observation 1: For some numerology, such as 60 kHz or 120 kHz, the timing difference between two BPLs could exceed the CP.
Proposal 1: with regard to possible different propagation delay in different antenna panels, the UE antenna panel specific TA should be taken into account.
Proposal 2: The additional TA range  caused by independent DL/UL beam sweep should be taken into account when determining the range of TA, and the range of TA should be determined by the capability of gNB and UE beam correspondence.
[bookmark: _GoBack]Proposal 3: The BPL specific TA should be supported.
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Appendix – Simulation Assumption
Table A-1: Simulation Assumption for SLS
	Parameter
	Assumption

	Scenario
	Dense Urban

	Carrier frequency
	30GHz

	Simulation bandwidth
	80MHz

	Reference subcarrier spacing
	60kHz

	gNB antenna structure
	(M,N,P, Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ

	UE antenna structure
	(M, N, P, Mg,Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. *Θmg,ng=90 deg; Ω0,1=Ω0,0+180 (deg);

	Number of UE antenna panels
	2

	Number of gNB beams
	48

	Number of UE beams
	27

	Cell association
	RSRP based
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