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Introduction
In this contribution, we discuss the motivation of multi-TA (Timing Advance) in NR single-TRP and multi-TRP scenarios for single and multi-panels UEs and what the multi-TA procedures should be.
Motivation for Multi-TA procedure
For NR, the UE can be capable of communicating simultaneously with two or more separate TRPs in order to improve system reliability or capacity. For example, as Figure 1 shows, the UE communicates with TRP1 and TRP2 simultaneously through two separate UE panels. The propagation delay from the UE to TRP1 or TRP2 can be different because the propagation distances d1 and d2 can be different. In some situations, especially in millimetre wave systems where blockage constitutes a big impact on the system, the propagation distance d1 and d2 can be very different. If the UE uses the same TA for these two TRPs, there will be a problem when propagation delay + multi-path delay spread exceeds the CP length. 
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Figure 1. Multi-TRP scenarios
In order for the propagation delay + multi-path delay spread not to exceed the CP length, the transmission distance difference between any two TRPs (i.e., d2 - d1 in Figure 1) that can be supported is calculated as follows. Here we assume CDL-A channel model as defined in TR 38.900 for 28GHz carrier frequency. The CP length is assumed based upon LTE frame structure numerology and scaled correspondingly according to various SCS (subcarrier spacing). SCS configuration is based upon NR frame structure numerology. The CP length for various SCS is shown as below in Table 1. In the calculation, we assume an implementation margin of 1/3 CP that means propagation delay + multi-path delay spread should not exceed 2/3 CP length. The calculation result of maximum allowed propagation distance difference between any TRPs is shown as below in Table 2. We can see from Table 2 that, for SCS of 120 KHz and 240 KHz, the maximum allowed propagation distance difference between any two TRPs is small. For example, for narrow BF 1 case, if the propagation distance difference between two TRPs is larger than 43.28 m for SCS of 120KHz, the propagation delay + multi-path delay spread will exceed the 2/3 CP length, which increases the risk of ISI and ICI. Therefore, it can be concluded that multiple TA should be supported for NR. Although a multiple-panel UE is illustrated in Figure 1, the same conclusion about the motivation for multiple-TA applies to the single panel UE. However, it should be noted that for UE with Tx beamforming capability (at mmWave band), the benefit for establishing links to more than one TRP is more significant for UEs with multiple panels since the probability that there can be an additional link of sufficient good signal quality is higher with the presence of a second antenna panel.

Table 1: CP length for Various Subcarrier Spacing
	Subcarrier Spacing 
(KHz）
	CP (us)

	60
	1.30

	120
	0.65

	240
	0.33



Table 2: Maximum Allowed Propagation Distance Difference between TRPs
	UMI (28GHz)
	 
	Scaling Factors  
(DSdesired)
	CDL-A 
delay spread(us)
	d2 - d1  (m) 
60KHz SCS
	d2 - d1  (m) 
120KHz SCS
	d2 - d1  (m) 
240KHz SCS

	
	Narrow BF 1
	30
	0.29
	173.49
	43.28
	0.00

	
	Narrow BF 2
	60
	0.58
	86.56
	0.00
	0.00



Observation 1: At least for system configured with relatively large subcarrier spacing, multiple TA is needed for the UE to transmit UL signals to multiple TRPs. UL transmission to multiple TRPs is more beneficial for the UE equipped with multiple panels.

Proposal 1: At least for multi-panel UEs, multi-TA should be supported for multi-TRP scenarios in NR.
Multi-TA Procedures
There is a need for the gNB to determine if the UE’s signal can be received with sufficient strength at the neighbouring TRP and if a second TA procedure should be configured for the UE. For reliable detection at the neighbouring TRP, PRACH as the UL signal for measurement at the TRP would be suitable. 
The multi-TA procedure for multi-panel UEs is illustrated in Figure 2. After the UE establishes RRC connection and reports uplink ports QCL information to the gNB, additional RACH procedure can be triggered by the gNB to acquire relevant information to determine if there can be a second TRP with sufficient signal quality and if an additional TA is required. 
More detailed steps are described below:
Step 1: The UE performs DL synchronization with TRPs, chooses one best DL TRP, and records SS block index for all the detected TRPs.
Step 2: The UE does UL RACH with the best TRP and RRC connection is established with the best TRP. The UE reports UE ports QCL information for the TRP.
Step 3: If there are non-QCLed ports at the UE, the gNB can configure additional uplink RACH procedure via RRC signaling for the UE to do additional RACH to the additional TRP. 
Step 4: The UE starts uplink RACH transmissions. 
Step 5: The gNB measures the uplink RACH timing, and determines if additional TA is required. If the timing difference between RACHs is large, additional TA can be decided for another TRP. The gNB configures additional TA in association with the SS block index of another TRP via RAR message or RRC signaling.
Step 6: the UE does transmission associated with the additional TA.
Proposal 2: For multi-panel UEs, additional RACH procedure can be configured by the gNB to determine if an additional UL is beneficial and if an additional TA is required or not.
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FIGURE 2. Multi-TA procedures

Single Panel UE
The above issues raised in the context of TA values also holds true for the case when the UE has a single panel and can form connection with either a single TRP or multiple TRP with either a single BPL or multiple BPL. When UE performs a RACH procedure, it typically gives only the timing advance value for the beam used during the RACH procedure. It is not clear what TA values should be used for the other beams that may be used as part of the UL beam management procedure, for both single and multiple panel UE. Furthermore, this depends on the type of beams used by the UE and the separation between the beams and other such related parameters. If no gNB procedure support exists, then in order to address these issues, the following options may be supported 
· Use the same TA value as the initial RACH beam (beam on which RACH was performed) for all beams involved in beam management procedure
· Use TA=0 for all beams in the beam management procedure (typically the TA value is small for small cell environments)
· Use a pre-configured max TA value that accounts for the cell size
· Use the same TA value for all beams generated within the same TXRU and a different TA value for beams belonging to other TXRUs. This value may be derived based on some QCL assumptions between the multiple TXRUs. For instance, all TXRUs that are QCL’ed with the TXRU which has the initial RACH beam may use the same TA value. Others may use a TA value which differs based on the difference in the delay spread observed in the past/ TA=0 / max configured TA value
· Other choices not precluded.
Proposal 3: If no gNB procedure support exists for multiple TA procedures, then the TA values for beams other than the beam on which RACH was performed, for a single or multiple panel UE, can be chosen from one of the options provided above.

Conclusions
This contribution discusses the multi-TA procedures in NR multi-TRP scenarios for multi-panels UEs. The followings are observed and proposed.
Observation 1: At least for system configured with relatively large subcarrier spacing, multiple TA is needed for the UE to transmit UL signals to multiple TRPs. UL transmission to multiple TRPs is more beneficial for the UE equipped with multiple panels.
Proposal 1: At least for multi-panel UEs, multi-TA should be supported for multi-TRP scenarios in NR.
Proposal 2: For multi-panel UEs, additional RACH procedure can be configured by the gNB to determine if an additional UL is beneficial and if an additional TA is required or not.
Proposal 3: If no gNB procedure support exists for multiple TA procedures, then the TA values for beams other than the beam on which RACH was performed, for a single or multiple panel UE, can be chosen from one of the options provided above.
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