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Introduction
A new work item has been approved to further evolve MIMO in Rel-18 [1]. Rel-18 improvements include identifying and specifying necessary enhancements for uplink MIMO. In particular, one of the focus areas of Rel-18 is multi-TRP operation, where the timing advance can be different for UL transmission to each TRP. To this end, one of the objectives of the Rel-18 MIMO WI is to study and if justified specify support for TAs:
7. Study, and if justified, specify the following
- Two TAs for UL multi-DCI for multi-TRP operation


In this contribution we present Samsung’s views on support of 2 TAs. 
Discussion
In NR, uplink transmissions are synchronized at the antenna interface, i.e., the uplink signals arriving from different users are aligned within one CP. This is required to maintain orthogonality between the uplink users. To achieve time alignment, network estimates the round trip time of each user and advances the UL transmission time from the UE by a time that depends on the round trip time. The round trip time is the sum of the downlink propagation delay and the uplink propagation delay. Initially, the time advance (TA) is estimated using a random access procedure. The TA value is then maintained using a TA command, which is sent from the network to the UE to change the TA value to ensure that the uplink time at the base station is within a certain range. When a UE communicates with two TRPs, it can be at a different distance from each TRP, and hence would require different TA values for each TRP (i.e., different UL transmission time for each TRP).
In RAN1#109-e, it was agreed that “two TAs for UL multi-TRP operation is supported in Rel-18”, “applicable to both FR1 and FR2”. Furthermore, it was agreed to “support two TA enhancement for both intra-cell and inter-cell multi-DCI multi-TRP scenarios in Rel-18”. However, some of the lower level details are still open and under discussion. In this document we consider the following aspects:
· Acquisition of the initial TA values.
· Signaling and determination of TA values.
· Association of TAs to channels and signals transmitted from different TRPs.

Acquisition of initial TA values
An initial TA value is an absolute TA, that determines the time of uplink transmission from a UE relative to a reference time. As discussed above, during channel configuration the initial TA is determined during the random access procedure. The UE is signalled the TA in the random access response (RAR). In case of 2 TRPs, with two TA values, there can be two initial TA values one for each TRP.  The TA value can be determined by:
· A random access procedure.
· RACH-less procedure, where the UE measures the difference in arrival time between two TRPs.
1 
2 
2.1 
Random Access procedure for TA acquisition
NR defined different types of RACH procedure that can be used for different purposes. RACH procedures can be UE-triggered, and these can be contention based random access (CBRA) or contention free random access (CFRA). A RACH procedure can also be triggered by the network through a PDCCH order. Both network-triggered and UE-triggered random access procedures can be used to determine the initial value for 2 TAs.
In case of UE-triggered random access procedures, RACH preambles and PRACH Occasions (ROs) are associated with SSBs, as described in TS 38.213 clause 8.1. The UE selects the PRACH preamble and RO based on a selected SSB. In would seem natural that in a cell with multiple TRPs to allocate or associate the SSBs to the TRPs as illustrated in Figure 1. When a UE is communicating with 2 TRPs initially, it can use 1 TA for both TRPs. If the difference of the time of arrival from the first TRP and the second TRP is larger than a threshold (the time of arrival can be measured using the SSBs of each TRP), the UE can trigger a random access procedure towards the second TRP using one of the SSBs of the second TRP to determine a corresponding preamble and RO. The TA measured by the second TRP is then used as the initial TA for TRP2.
Proposal 1: The UE can be informed of association between SSBs and TRPs.
Proposal 2: If the difference in time of arrival from the two TRPs exceeds a threshold, the UE can trigger a random access procedure towards the second TRP.



[bookmark: _Ref110934224]Figure 1: Association of SSBs to TRPs.

In case the random access procedure is triggered by network, the network triggers the random access procedure from the TRP for which the initial TA is being determined. The PDCCH DM-RS of the PDCCH order is QCLed with a reference signal transmitted from the TRP. Based on the PDCCH order the UE transmits a preamble towards the TRP. The RAR response includes the TA for transmissions to the TRP.
Proposal 3: A TRP can trigger a PDCCH order to determine the TA for uplink transmissions to the TRP.

Random Access procedure for TA acquisition
The UE can measure the time of arrival from 2 the TRPs, and find the difference in propagation delay. As illustrated in Figure 2, TRP A and TRP B communicate with the UE. In Figure 2, the DL and UL propagation delays between the UE and TRP A is TpropA in each direction, hence the round trip propagation delay is 2*TpropA. The DL and UL propagation delays between the UE and TRP B is TpropB in each direction, hence the round trip propagation delay is 2*TpropB. For a single TRP (e.g., TRP A), the TA value is determined based on the round-trip-time. The round-trip-time is initially determined using a random access procedure, by measuring the time of arrival of PRACH at the base station which includes the effects of the downlink and uplink propagation delays. The TA value for TRP A can be determined by . For TRP B, the UE receives a second reference signal from TRP B. The difference in time of arrival between the first TRP and the second TRP, is equal to the difference in propagation delays between signals arriving from the first and second TRPs, assuming that the TRPs are synchronized and have the same reference timing. Using the difference in propagation delay the UE can determine the transmission time of uplink signals and channels to the second TRP.
Observation 1: The UE can measure the difference in propagation delay between the first TRP and the second TRP.
Proposal 4: Using the measured difference in propagation delay between the first TRP and the second TRP the UE can determine the uplink transmission time to the second TRP.
One open point from RAN1#109-e is to study, for multi-DCI with two TAs, whether there is one n-TimingAdvanceOffset value per serving cell or two n-TimingAdvanceOffset values per serving cell. The n-TimingAdvanceOffset value is an addition offset for the TA to have a gap between uplink transmissions and downlink receptions even when the UE is very close to the TRP and the round-trip propagation delay is small, this is to ensure sufficient time for the UE to switch from UL transmission to DL reception. The n-TimingAdvanceOffset can be configured a value {0, 25600 , 39936 }. If no value is configured a default value is used that can be depend on the frequency range, the duplex type (TDD/FDD) and coexistence with NB-IoT as specified in TS 38.133 Table 7.1.2-1.  These conditions should apply to both TRPs, so it is not clear if there is a benefit in having two different n-TimingAdvanceOffset values when there are 2 TAs. 
Proposal 5: For multi-DCI multi-TRP operation with two TAs, there is one n-TimingAdvanceOffset value per serving cell.
Another open point from RAN1#109-e is to study whether the UE has one reference time or two reference times. The reference time is the time of the DL reception.  In case of two reference times, the reference time of the DL reception of the first TRP (TRP A) is used as a reference for the transmission to the first TRP and the reference time of the DL reception of the second TRP (TRB B) is used as a reference for the transmission to the second TRP. The TA for the second TRP (TRP B) relative to the TA of the first TRP (TRP A) is given by:

When the UE is provided the TA of the first TRP, i.e., , and it measures the difference in propagation delay between the first TRP and the second TRP, i.e., , the UE can determine the TA of the second TRP,  relative to the DL reference time of the second TRP. In case of one reference time, the reference time of the DL reception of the first TRP (TRP A) is used as a reference for the transmission to both TRPs. The TA for the second TRP (TRP B) – measured from the DL reference of the first TRP (TRP A) – relative to the TA of the first TRP (TRP A) is given by:

When the UE is provided the TA of the first TRP, i.e., , and it measures the difference in propagation delay between the first TRP and the second TRP, i.e., , the UE can determine the TA of the second TRP,  relative to the DL reference time of the first TRP. We slightly prefer having a single reference point to simplify the design of the UE.
Proposal 6: For multi-DCI multi-TRP operation with two TAs, there is one DL reference time.



[bookmark: _Ref101785235]Figure 2: DL and UL timings at UE and TRPs when UE is communicating with 2 TRPs.


Signaling and determination of TA values.
For single TA operation, the TA value is maintained by having the TRP measure the time of arrival of the uplink signal and determining any adjustment needed to maintain it within a certain range. The adjustment is signalled to UE using a Timing Advance MAC CE command. The Timing Advance MAC CE signals a value  between 0 and 63 (6 bits) that is interpreted as an advance or delay of the current TA value as:

If the network signals 2 TA values, one for each TRP, the network can signal the two TA values to the UE. In RAN1#109-e, two options are considered for further study and down selection: (1) Two TAGs are configured, each TRP being associated with one TAG and each TAG has 2 TAs. (2) One TAG is configured, the TAG is associated with the two TAs, for example the first TA can be for the first TRP and the second TA can be for the second TRP. When the UE is configured two TAGs, each TAG can be signalled in a separate MAC CE, or the two TAGs can be signalled in the same MAC CE. When the UE is configured with one TAG, two TAs are signalled in the same MAC CE command (first TA value (with index 0) and second TA value (with index 1)). When the UE moves around, the TA to both TRPs changes, and therefore it would be more efficient from a signalling perspective to use a single MAC CE with a TAG for two TAs then using separate TAGs. Hence, our preference is to have a single TAG with 2 TAs. To further improve signalling efficiency, differential TA reporting can be considered. The signalled values can be the first TA and the difference between the first TA and the second TA to reduce signalling overhead.
If the network signals a single TA, this can include two cases: (1) A single TA is used for both TRPs. (2) The signalled is used for the first TRP, and the UE calculates a second TA for the second TRP based on the difference in propagation delay between the two TRPs.
Proposal 7: For multi-DCI multi-TRP operation with two TAs, the network signals a single TAG to the UE. The TAG can include 
· Two TAs one TA for each TRP.
· One TA, the TA can be applied to both TRPs or applied to one TRP and a second TA is calculated for the second TRP.
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Association of TAs to channels and signals of different TRPs
An open from RAN1#109-e is how to associate a TA value (e.g., a TAG or a TA index within the TAG if the TAG has more than one TA) to a channel or signal transmitted from a TRP. Several options have been discussed for this association:
· The association is based on the CORESETPOOLIndex. Wherein, channels association with a first CORESETPOOLIndex used a first TA value, and channels associated with a second CORESETPOOLIndex used a second TA value. While this solution seems plausible, it has some limitation. First in terms of expandability to inter-cell beam management, where a single CORESETPOOLIndex can be used, yet different TA values are used for the channels/signals of each cell. Second, there could be some channels/signals that are not associated with a  CORESETPOOlIndex that would require further configuration of which TA value to use.
· The association is based on the TCI state or uplink spatial relation. Each TCI state or uplink spatial relation can be associated with a TA value. For example, the TCI states with a source RS associated with the first TRP, are associated with the first TA value. The TCI states with a source RS associated with the second TRP are associated with the second TA value. Each uplink channel or signal is transmitted based on a spatial relation or UL TCI state, that would determine the TA value to use. This alternative, can be readily extended to inter-cell beam management scenarios, where different TCI states are configured for the serving cell and the neighbouring cell.

Proposal 8: For multi-DCI multi-TRP operation with two TAs, each TA value is associated with an UL or Joint TCI state or UL spatial relation.

Conclusions
The following proposals have been made regarding support of 2 TAs
Proposal 1: The UE can be informed of association between SSBs and TRPs.
Proposal 2: If the difference in time of arrival from the two TRPs exceeds a threshold, the UE can trigger a random access procedure towards the second TRP.
Proposal 3: A TRP can trigger a PDCCH order to determine the TA for uplink transmissions to the TRP.
Observation 1: The UE can measure the difference in propagation delay between the first TRP and the second TRP.
Proposal 4: Using the measured difference in propagation delay between the first TRP and the second TRP the UE can determine the uplink transmission time to the second TRP.
Proposal 5: For multi-DCI multi-TRP operation with two TAs, there is one n-TimingAdvanceOffset value per serving cell.
Proposal 6: For multi-DCI multi-TRP operation with two TAs, there is one DL reference time.
Proposal 7: For multi-DCI multi-TRP operation with two TAs, the network signals a single TAG to the UE. The TAG can include 
· Two TAs one TA for each TRP.
· One TA, the TA can be applied to both TRPs or applied to one TRP and a second TA is calculated for the second TRP.

Proposal 8: For multi-DCI multi-TRP operation with two TAs, each TA value is associated with an UL or Joint TCI state or UL spatial relation.
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