[bookmark: OLE_LINK3][bookmark: _Ref133120545]3GPP TSG RAN WG1 #110	R1-2207451
Toulouse, FR, Auguest 22th – 26th, 2022
Source:	Sharp
Title:	Two TAs for multi-DCI
Agenda Item:	9.1.1.2
[bookmark: DocumentFor]Document for:	Discussion and Decision
Background
In RAN#94e, the working item to enhance both downlink and uplink MIMO operations in Rel-18 was agreed [1].
According to the WID, the following item needs to be studied, and if justified, specified:
· Two TAs for UL multi-DCI for multi-TRP operation
Discussions
At RAN1#109e meeting, the following agreements were made in AI 9.1.1.2 for two TAs for multi-DCI [2].
	Agreement
Enhancement on two TAs for UL multi-DCI for multi-TRP operation is supported in Rel-18.
Note 1: whether (1) the network signals two TACs or (2) the network signals one TAC and the UE deriving the second TA can be further studied.
Note 2: evaluations can be considered on as-needed basis.
Agreement
For multi-DCI based multi-TRP operation, down-select one of the two alternatives:
· Alt 1: configure two TAGs within a serving cell
· Alt 2: consider two TAs within one TAG within a serving cell
Agreement
Support two TA enhancement for both intra-cell and inter-cell multi-DCI multi-TRP scenarios in Rel-18.
Agreement
Enhancements on two TAs for UL multi-DCI for multi-TRP operation are applicable to both FR1 and FR2.
Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives:
· Alt 1:  two reference timings are considered
· Alt 2:  one reference timing is considered
Note: reference timing above is the timing of the DL reception 
Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives further in Rel-18:
· Alt 1:  one n-TimingAdvanceOffset value per serving cell
· Alt 2:  two n-TimingAdvanceOffset value per serving cell
Conclusion
For multi-DCI multi-TRP operation with two TAs, the decision on the maximum uplink timing difference is left up to RAN4.
· Send an LS to RAN4 asking them the maximum uplink timing difference RAN1 can assume between the two TAs for multi-DCI multi-TRP operation. The LS is endorsed in R1-2205593.
Agreement
Two TA enhancement for uplink multi-DCI based multi-TRP operation are applicable to at least:
· TDM based multi-DCI uplink transmission
· simultaneous multi-DCI uplink transmission (if simultaneous uplink multi-DCI uplink transmission is supported in Agenda 9.1.4.1)
· Note: Whether two TA enhancement is applicable to other schemes is a separate discussion, which is not in the scope of AI 9.1.1.2.



2.1 TAC signaling
For TA command (TAC) signaling for two TAs, there are two alternatives:
· Alt 2-1a: the first TA and the second TA can be determined by different two TA commands.
· Alt 2-1b: both first TA and second TA can be simultaneously determined by single TAC.
For Alt 2-1a, each TAC can be given by a MAC CE or RAR like up to Rel-17, and we think it is the simplest. For example, the UE transmits a PRACH preamble to each TRP and receives a RAR with a TA from each TRP. For two TA signaling, two legacy procedures can be independently reused.
For Alt 2-1b, we think there are two cases. In the first case that two TA values are included in single TAC. Although two TAs are determined by one-step, gNB needs to wait for two UL transmissions for TA calculation. Furthermore, second TA cannot be determined independently from first TA. That is, the legacy procedure cannot be reused to determine the first TA.
The second case is that the second TA is calculated from a TAC for the first TA. For this case, a UL channel (e.g., PRACH preamble) is transmitted to TRP#1, and then TRP#1 receives it as well as TRP#2 also implicitly receives it. TRP#1 and TRP#2 simultaneously transmit DL channel#1 and DL channel#2, respectively. The UE acquires TA#1 from TAC#1 carried in DL channel#1 and TA#2 from a propagation difference  between DL channel#1 and DL channel#2 (e.g., TA#2 = TA#1 + ). Although two TAs can be simultaneously determined by single TA, DL channel#1 and DL channel#2 need to be transmitted. For example, the UE needs to receive two RARs after single PRACH preamble. That is, since the legacy procedure cannot be reused, some issues such as collision handling of RARs, two RARs multiplexing, and backward compatibility need to be studied. In our view, TA calculation is more complicated than Alt 2-1a.
Therefore, two TACs should be indicated for two TAs by reusing legacy TAC signaling.
Observation 1: For two TACs, two legacy procedures for TA signaling can be independently reused.
Proposal 1: Two TACs should be indicated for two TAs by reusing legacy TAC signaling.
2.2 Initial TAC signaling
When a time alignment timer is expired, the UE is expected to transmit only a PRACH preamble, and initial TA is determined based on initial TAC signaling (i.e., a RAR in response to the PRACH preamble) to restart the timer. For two TACs signaling, a first initial TAC from TRP#1 can be indicated on either CBRA or CFRA by reusing the legacy procedure. Furthermore, a second initial TAC from TRP#2 can be indicated on either CBRA or CFRA, if it can be identified that the second random access is associated with TRP#2 or triggered for TRP#2. However, if Rel-18 RAR indicates a TRP ID (i.e., information to identify one of TRP#1 and TRP#2), CBRA cannot be used because the gNB does not know whether a UE in CBRA supports two TAs.
Observation 2: Both CBRA and CFRA can be used for initial TAC signaling from both TRPs.
2.3 TAG
For TAG for two TAs, there are two alternatives:
· Alt 2-2a: Configure two TAGs within a serving cell
· Alt 2-2b: Consider two TAs within one TAG within a serving cell
For legacy TAG, a TAG is associated with a group of serving cells, a UL timing, a TAC, a time alignment timer, a TA offset, and a timing reference. In our view, concept of TAG should not be changed to manage a UL timing between layers. That is, a TAG is used to manage a UL timing on MAC layer and to transmit a physical channel. For Alt 2-2b, one Rel-18 TAG is a group of different TAs on a serving cell. Consequently, a configuration other than Rel-18 TAG is necessary to manage each TA. For this reason, we support Alt 2-2a. Namely, by reusing TAG-based TA management, a Rel-18 TAG should be associated with a UL timing (i.e., TA), a TAC, a time alignment timer, a TA offset, and a timing reference.
Proposal 2: Configuring two TAGs within a serving cell should be supported.
Furthermore, for both Alt 2-2a and Alt 2-2b, legacy TAG cannot be used because it is a group of serving cells having the same TA and it assumes a serving cell does not have different two TAs. For example, if it is assumed that serving cell#1 is separated into serving cell#1-1 (TRP#1 on serving cell#1) and serving cell#1-2 (TRP#2 on serving cell#1), Rel-18 TAG can be a group of serving cells and/or TRPs having the same TA. For this, the UE can manage one TA within one TAG.
Proposal 3: Rel-18 TAG should be a group of serving cells and/or TRPs having the same TA.
2.4 Reference timing
For multi-DCI multi-TRP operation with two TAs, it was agreed to study the following alternatives:
· Alt 2-3a:  two reference timings are considered
· Alt 2-3b:  one reference timing is considered
· Note: reference timing above is the timing of the DL reception
First, UL channels are transmitted by UE in advance to align with gNB frame. That is, reference point is DL transmission/UL reception and frame structures of all UEs connecting a gNB are based on the frame structure of the gNB to suppress interference. For this reason, the current structure should not be changed, and two reference timings (i.e., two timings of DL reception) should be considered.
[image: ]
Figure 1: DL/UL transmission/reception at gNB/UE in multi-TRP
Proposal 4: Two reference timing should be considered.
2.5 TA offset
For multi-DCI multi-TRP operation with two TAs, it was agreed to study the following alternatives:
· Alt 2-4a:  one n-TimingAdvanceOffset value per serving cell
· Alt 2-4b:  two n-TimingAdvanceOffset value per serving cell
For up to Rel-17, a TA offset is configured by higher layer parameter and a default TA offset is defined based on duplex mode and frequency range as the following:
	38.133
…
Table 7.1.2-2: The Value of [image: ]
	Frequency range and band of cell used for uplink transmission
	[image: ](Unit: TC)

	FR1 FDD band without LTE-NR coexistence case or FR1 TDD band without LTE-NR coexistence case 
	25600 (Note 1)

	FR1 FDD band with LTE-NR coexistence case
	0 (Note 1)

	FR1 TDD band with LTE-NR coexistence case
	39936 (Note 1)

	FR2
	13792

	Note 1:	The UE identifies [image: ] based on the information n-TimingAdvanceOffset as specified in TS 38.331 [2]. If UE is not provided with the information n-TimingAdvanceOffset, the default value of [image: ] is set as 25600 for FR1 band. In case of multiple UL carriers in the same TAG, UE expects that the same value of n-TimingAdvanceOffset is provided for all the UL carriers according to clause 4.2 in TS 38.213 [3] and the value 39936 of [image: ] can also be provided for a FDD serving cell.
Note 2:	Void






For this reason, in our view, TA offset is used for UL/DL switching time and it is enough that one TA offset is applied to two TRPs. That is, we support Alt 2-4a. Furthermore, since gaps between reference points (i.e., UL reception and DL transmission) are the same in different TRPs, the current frame structure can be reused.
[image: ]
Figure 2: DL/UL transmission/reception at gNB/UE in multi-TRP
Proposal 5: one n-TimingAdvanceOffset value per serving cell should be supported.
2.6 TA switching
First, for multi-DCI based multi-TRP operation with two TAs, it was agreed to study the following schemes:
· TDM based multi-DCI uplink transmission
· Simultaneous multi-DCI uplink transmission
When a TA is mapped to each TRP, and the UE store the mapping information between TA(or the TAG) and TRP, TA switching can be used for a UL transmission. Furthermore, for AI 9.1.1.1, unified TCI framework for multi-TRP is being studied. That is, when Rel-18 unified TCI framework for multi-TRP is configured, a UL transmission can be associated with one of two TRPs. Additionally, for AI 9.1.4.1, UL multi-panel is being studied. That is, when Rel-18 UL multi-panel is configured, a UL transmission can be associated with one of two TRPs. However, in case of TDM-based multi-DCI UL transmission without unified TCI framework (i.e., by using UL Tx spatial filter such as SRI for PUSCH and spatial relation info for PUCCH/SRS), it needs to be studied that a UL transmission is associated with one of two TRPs.
Proposal 6: In case of TDM-based multi-DCI UL transmission without unified TCI framework (i.e., by using legacy SRI for PUSCH and spatial relation info for PUCCH/SRS), it should be studied that a UL transmission is associated with one of two TRPs.
Conclusion
In this contribution, we have the following proposal:
Proposal 1: Two TACs should be indicated for two TAs by reusing legacy TAC signaling.
Proposal 2: Configuring two TAGs within a serving cell should be supported.
Proposal 3: Rel-18 TAG should be a group of serving cells and/or TRPs having the same TA.
Proposal 4: Two reference timing should be considered.
Proposal 5: one n-TimingAdvanceOffset value per serving cell should be supported.
Proposal 6: In case of TDM-based multi-DCI UL transmission without unified TCI framework (i.e., by using legacy SRI for PUSCH and spatial relation info for PUCCH/SRS), it should be studied that a UL transmission is associated with one of two TRPs.
Observation 1: For two TACs, two legacy procedures for TA signaling can be independently reused.
Observation 2: Both CBRA and CFRA can be used for initial TAC signaling from both TRPs.
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