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Introduction
In RANP#94e, a new WID [1] on the evolution of MIMO for both downlink and uplink had been established. In this WID, many topics and issues had been specified for further performance improvement with MIMO. Among them, UL transmission enhancement targeting multi TRP deployment with two timing advances (TAs) configuration was captured as objective 7 in [1] within RAN1’s working scope, while objective 2 and objective 6 as the relevant assumptions/technics and scenarios/limitations of objective 7 were also stated. We list them all in the below for a better understanding of the issue.
	
2. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.
6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
7. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.



In this contribution, we would like to present our views on two TAs configuration for multi-DCI in multi-TRP scenarios. 
Two TAs for multi-DCI
With the introduction of features with multi-TRP and multi-panel in Rel-17 [2], simultaneous UL multi-panel transmission and UL multi-TRP deployments are captured for further study in Rel-18 aiming at higher UL coverage, average throughput and additional UL performance improvement for advanced UEs (e.g. CPE, FWA, vehicle, industrial devices). Among the study of UL performance improvement, limited by objective 6 with up to 2 TRPs and up to 2 panels, a direct issue is on two TAs configuration for two TRPs as shown in Figure 1. 
In specifications with one TRP serving multi UEs, when the arriving time of UE signals at gNB are all different, it is hard for TRP to align the signals for multi-user scheduling and demodulation. Thus, TA is defined to ask UE transmitting UL signal with a time gap in advance, where the TA value can be the signal propagation delay from UE to TRP. Through the reserved TA configuration, the transmission delay can be compensated, and finally the TRP can receive signals from multi UEs almost simultaneously, thus made it possible for TRP demodulating signals from multi UEs.
While for multi-TRP scenario in Figure 1, as the distance and transmission delay from UE to both TRPs are probably different, denoted as Delay_1 and Delay_2 with Delay_1> Delay_2 for illustration, UE needs different TA to different TRP for the time alignment with each TRP. It is obvious that, for the time alignment of TRP1, UE needs TA with Delay_1 for UL transmission compensation. Similarly, UE needs another TA with Delay_2 for UL transmission compensation to TRP2. However, only one TA configuration is supported in current specification, which made it impossible to compensate both Delay_1 and Delay_2 simultaneously. One straight way to solve this issue is to extend one TA configuration into two corresponding to two TRPs separately, in this way, time alignment for each TRP can be achieved.
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Figure 1. Two TAs configuration for two TRP transmission

Following that, how to configure two TAs for one UE becomes the issue. Based on above discussion, we proposed two options on separate TAs configuration for each TRP in the following.
Option 1: Antenna port based configuration of TA to different TRP. 
Option 2: Bandwidth parts (BWP) based configuration of TA to different TRP.
TA configurations based on antenna ports
In MIMO communication system, multi antenna ports are usually supported for both TRP and UE, which provides the feasibility of option 1 with antenna port based configuration of TA. In Figure 2, a comparison between conventional configuration with identical frame timing and the proposed configuration with separated frame timing for different antenna port is shown. By a delay difference with Delay_1 minus Delay_2 across two ports corresponding to two TRPs, UL signals transmission to TRP1 through port#1 and that to TRP2 through port#2 can be aligned at both TRPs.
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Figure 2. TAs configuration by antenna port

It is also worth noting that, when configuring TA based on antenna ports, additional layer mapping rule is needed. As legacy layer mapping is one-to-one mapping, which means each symbol will be mapped to at most a single layer shown in Table 7.3.1.3-1 from TS 38.211 [3]. However, in multi TRP scenario, where diversity gain is expected to improve the reliability of transmission, thus one symbol may need to be transmitted to multi TRPs. If TA is configured by antenna port, then one symbol needs to be mapped to multi antenna ports. In this case, an extension of non-one-to-one layer mapping rule shown in Figure 3 is needed. One symbol will map to two layers, and transmit to separate TRP by two antenna ports.
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Figure 3. Non-one-to-one layer mapping to support multiple antenna ports with different TAs

From above discussions, we have following observations and proposals.
Observation 1 : TA configuration based on antenna ports can solve the issue of time alignment in multi TRP deployment. 
Observation 2 : Non-one-to-one layer mapping is needed to support antenna ports based TA configuration for diversity gain.
Proposal 1 : Antenna port based TA configuration can be supported in multi-TRP scenario.
Proposal 2 : Non-one-to-one layer mapping can be considered when antenna port based TA configuration is supported.
TA configurations based on BWP
The other option is to configure TA by different BWP as shown in Figure 4. In conventional configuration, identical frame timing is configured for all BWPs, thus it is not possible to realize different TA configuration on different antenna ports. To solve this problem, BWP based TA configuration is proposed in this sub-section. By configuring separate frame timing for different BWP with offset between two BWPs defined as Delay_1 minis Delay_2, and mapping different BWP to different TRP with TRP1 demodulating signals on BWP1 while TRP2 demodulating signals on BWP2, TA compensations can be achieved for multi TRPs. This option can support separate TA configuration even when only single antenna port is applied. 
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Figure 4. TAs configuration by BWP

Observation 3 : BWP based TA configuration can solve the issue of time alignment in multi TRP deployment. 
Proposal 3 : BWP based configuration of TA can be considered in multi-TRP scenario.
Conclusions
Finally, allow us to repeat our proposals to draw attention.
Proposal 1 : Antenna port based TA configuration can be supported in multi-TRP scenario.
Proposal 2 : Non-one-to-one layer mapping can be considered when antenna port based TA configuration is supported.
Proposal 3 : BWP based configuration of TA can be considered in multi-TRP scenario.
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