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1	Introduction
RAN1 received a LS from RAN WG4 regarding the possibility of considering aligning the SL transmission with the UL timing instead of the DL timing. The contents of the SL are the following:
	1. Overall Description:
Partially used SL with Uu in TDD band, e.g. n79, irrespective of TDM or FDM is being discussed for Rel-17 SL enhancement in RAN4. 
In Rel-16 NR V2X, SL transmission timing is aligned with DL timing of Uu based on RAN1 agreements. The same SL transmission timing if applied to Rel-17 SL in the scenario of partially used SL with Uu in TDD band may give rise to interference problem between SL and Uu. 
There are two options under discussion in RAN4 as below. 
Option 1: To follow the Rel-16 agreement to align SL transmission timing with DL timing.
Option 2: To reconsider SL transmission timing to align with UL timing to mitigate the interference between Uu and SL, i.e.
· For sidelink transmissions, 
· SL transmission timing is aligned with Uplink timing when Uu and sidelink is TDMed/FDMed coexistence in the same band, including TDM coexistence within the same carrier or different carriers. 
· Otherwise, SL transmission timing is aligned with Downlink timing.
RAN4 respectfully ask RAN1 to clarify that is it feasible that RAN4 consider option 2 from RAN1 perspective to define SL transmission timing to align with UL timing when SL is synchronized to a network?

2. Actions:
To RAN WG1:
RAN4 respectfully request RAN1 to clarify the above question regarding partially used SL with Uu in TDD band.


This issue is related to the following agreement from Rel-16:
	Agreements:
· For sidelink transmission, when gNB/eNB is used as the synchronization reference, the timing determination mechanism in LTE V2X is reused in NR V2X, i.e., DL timing is used.


In this paper, we present our views on the topic. In addition, we have prepared a draft reply LS in R1-2108129.
2	Discussion
2.1	DL timing
2.1.1	Design, procedures, and capabilities in NR Rel-16 SL
The SL design in NR assumes that in each slot the different signals received by a UE arrive approximately at the same time at the receiver. Small deviations are possible so far as these are not beyond a window that is roughly given by the CP duration. Reception of signals outside this window will lead to ICI at the receiver. 
[bookmark: _Toc83995365]The Rel-16 NR SL design assumes that the different signals received by a UE in each slot arrive approximately at the same time at the receiver. Misalignments larger than the CP duration will cause ICI at the receiver.
As stated above, in Rel-16 DL timing is used when the UE has selected a cell as synchronization reference. Consequently, nearby UEs in the same cell will have roughly the same timing reference. It follows that SL communication between nearby UEs in the same cell (i.e., using similar timing references) will be possible. Note, however, that in some directions the coverage will be shorter than in others (e.g., when the RX UE is located on the line from gNB to TX UE between them vs when the RX UE is located on the same line but beyond the TX UE).
[bookmark: _Toc83995366]The use of DL timing (Rel-16) ensures that nearby UEs in the same cell can communicate with each other over SL.
UEs in different cells may have different timing references even if they are located close to each other, as illustrated in Figure 2. Consequently, SL communication is not possible in all deployments. In LTE ProSe, the RX UE was required to track multiple times (e.g., form its serving cell and other sync ref UEs). This enabled communication across cell borders. In Rel-16, no such requirement was introduced for SL UEs.
[bookmark: _Toc83995367]NR SL UEs (Rel-16) are not required to monitor multiple timing references. Consequently, SL communication across cell borders may not work in every deployment.

[image: ]
[bookmark: _Ref78803510]Figure 1: Two nearby UEs served by two different cells with different sizes. Since the radius of cell 1 is much larger than that of cell 2,  and thus the TA value applied by UE1 is much larger than the TA value applied by UE2, resulting in a difference of timing references beyond the CP value.
2.2	UL timing
In this section, we discuss the use of UL timing for sidelink transmission.
First, we note that the use of UL timing requires that the TX UE is in RRC_CONNECTED mode, so that it proper TA is established, etc. Given the broadcast nature of SL, any SL RX UE will need the corresponding TA value so that it can receive signals. That is, all SL UEs that are active (i.e., interested in TX or RX) will need to be connected. Due to hardware limitations, this may pose a management challenge to the gNB.
[bookmark: _Toc83995368]The use of UL timing for SL transmission requires that all active SL UEs (i.e., interested in TX or RX) are RRC_CONNECTED.
Regarding the introduction of SL communication using UL timing, our view is that the simplest way of doing is to reuse the Rel-16 specification as it is (i.e., with very minor changes). From an operational point of view, the result would be the following:
· SL communication between nearby UEs in the same cell is possible.
· SL communication between UEs across cell borders is not possible if the Rel-16 requirement of tracking a single timing reference is used.
[bookmark: _Toc83995369]Introducing SL communication using UL timing without other changes to the Rel-16 specifications is possible but does not solve the existing problems. However, it is less complex in terms of interference and has less stringent OLPC requirements.
Unlike Rel-12 LTE ProSe, the indication in PSCCH of the value of the SL TA to be used for receiving PSSCH is not an option in NR. The reason is that, with the current PHY design, PSCCH and PSSCH are transmitted in the same slot. Moreover, it is not clear that such a solution would work without changes to the requirements on the number of tracker timing references.
[bookmark: _Toc83995370]The use of UL timing with SL TA for PSSCH would require big changes to the PHY design.
2.3	UL timing + DL timing
One straightforward consequence of keeping the Rel-16 requirement that UEs only need to track a single timing reference is that it is not possible to support having SL UEs using Option 1 and SL UEs using Option 2 in the same channel.
[bookmark: _Toc83995371]The use of both DL timing (Option 1) and UL timing (Option 2) by different UEs in the same channel is not possible if the Rel-16 requirement of tracking a single timing reference is kept.
Nevertheless, based on the RAN4 discussion for Rel-17, it is possible that UEs from Rel-16 (UEs using DL timing) and Rel-17 UEs do not coexist in the same TDD band n79. Therefore, the issue of having different timing synchronizations for different type of UEs is less problematic for this band and should not be a limiting factor in order to achieve a solution in Rel-17.
[bookmark: _Toc83995372]Rel-16 UEs using DL timing and Rel-17 UEs may not coexist within the same TDD band.
2.4	Interference aspects
When UL timing is used, interference from SL transmissions to the gNB is, relatively speaking, a minor problem. From the gNB point of view, all transmissions (UL and SL) arrive at the same time, avoiding ICI. Problems may still appear for SL TX UEs located nearby the gNB or for SL transmissions from a nearby cell (e.g., if the cell is small), but these issues can be solved by using SL OLPC based on DL PL, as stated in Section 2.3.
In contrast, when using DL timing, dealing with interference between SL and UL transmissions is somewhat more complicated.
First, UL and SL transmissions arrive at the gNB at different times, resulting in ICI. To alleviate this, SL OLPC based on DL PL may be used, but the power restrictions to be applied are much larger than in the case of using UL timing. 
Besides this, UL and SL transmissions on consecutive slots may collide. At system level, this can be mitigated by using the GP (i.e., not transmitting in the last OFDM symbol) and, again, by using SL OLPC based on DL PL.
[bookmark: _Toc83995373]Rel-16 provides enough mechanisms to control the SL interference at the gNB when using DL timing.
[bookmark: _Toc83995374]From a Uu/SL interference point of view, the use of UL timing for SL transmission is less challenging than using DL timing for SL transmission.
2.5	Intra-UE collisions and scheduling restrictions
At UE level, the use of DL timing for SL transmission may result in intra-UE collision between UL and SL transmissions if scheduled on consecutive slots. That is a UE may be expected to transmit at the same time on SL and UL even if, nominally, the two transmissions belong to different slots. Having a one-symbol GP is sufficient for most cases of interest. However, in other cases (e.g., for larger cells) additional scheduling restrictions may be necessary. For example, the gNB may avoid scheduling UL transmissions in a slot following a SL slot or a slot in which a SL transmission is scheduled for the specific UE. Although this may avoid the intra-UE collisions in some cases (e.g., for Mode 1 UEs), it may not work well in other cases (e.g., Mode 2 UEs); and even if it does, it reduces the scheduling flexibility and the system efficiency. This is illustrated in Figure 2.
In contrast, if UL timing is used for SL transmission, none of these problems appear. This is illustrated in Figure 3.
[bookmark: _Toc83995375]The use of UL timing for SL transmission prevents intra-UE collisions due to Uu (UL) and SL timing misalignments.
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[bookmark: _Ref78894372]Figure 2. Intra-UE collisions between UL and SL when DL timing is used. Besides the slot in which the SL transmission is scheduled, an addition slot is lost for UL transmissions due to the misalignment between SL and UL timings.
[image: ]
[bookmark: _Ref78894374]Figure 3. When UL timing is used, there is no Intra-UE collisions between UL and SL. Only the slot used for SL transmission remains unusable for UL transmissions from the same UE.
3	Support of the different options
3.1	Option 1
The use of DL timing for sidelink transmission is already part of the specification. However, as discussed earlier, SL communication may not be possible across cell borders
[bookmark: _Toc83995376]Inform RAN4 that, from RAN1 point of view:
· [bookmark: _Toc83995377]The use of DL timing allows for SL communication between nearby UEs in the same cell.
· [bookmark: _Toc83995378]The use of DL timing for SL communication may require a tight OLPC using DL PL if the TX UE is close to the gNB. 
· [bookmark: _Toc83995379]With the Rel-16 requirement of tracking a single timing reference, SL communication across cell borders using DL timing may not be possible in general.
3.2	Option 2
[bookmark: _Toc83995380]Inform RAN4 that, from RAN1 point of view:
· [bookmark: _Toc83995381]The use of UL timing for SL transmission requires that all SL active UEs (i.e., interested in TX or RX over SL) are RRC_CONNECTED.
· [bookmark: _Toc83995382]The use of UL timing (i.e., requiring UEs to be RRC_CONNECTED to have a TA value, etc.) for SL transmission must be configurable and always complementary to using DL timing, not a standalone solution.
· [bookmark: _Toc83995383]If the Rel-16 requirement of tracking a single timing reference is reused, SL communication across cell borders using UL timing may not be possible in general.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The Rel-16 NR SL design assumes that the different signals received by a UE in each slot arrive approximately at the same time at the receiver. Misalignments larger than the CP duration will cause ICI at the receiver.
Observation 2	The use of DL timing (Rel-16) ensures that nearby UEs in the same cell can communicate with each other over SL.
Observation 3	NR SL UEs (Rel-16) are not required to monitor multiple timing references. Consequently, SL communication across cell borders may not work in every deployment.
Observation 4	The use of UL timing for SL transmission requires that all active SL UEs (i.e., interested in TX or RX) are RRC_CONNECTED.
Observation 5	Introducing SL communication using UL timing without other changes to the Rel-16 specifications is possible but does not solve the existing problems. However, it is less complex in terms of interference and has less stringent OLPC requirements.
Observation 6	The use of UL timing with SL TA for PSSCH would require big changes to the PHY design.
Observation 7	The use of both DL timing (Option 1) and UL timing (Option 2) by different UEs in the same channel is not possible if the Rel-16 requirement of tracking a single timing reference is kept.
Observation 8	Rel-16 UEs using DL timing and Rel-17 UEs may not coexist within the same TDD band.
Observation 9	Rel-16 provides enough mechanisms to control the SL interference at the gNB when using DL timing.
Observation 10	From a Uu/SL interference point of view, the use of UL timing for SL transmission is less challenging than using DL timing for SL transmission.
Observation 11	The use of UL timing for SL transmission prevents intra-UE collisions due to Uu (UL) and SL timing misalignments.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Inform RAN4 that, from RAN1 point of view:
	The use of DL timing allows for SL communication between nearby UEs in the same cell.
	The use of DL timing for SL communication may require a tight OLPC using DL PL if the TX UE is close to the gNB.
	With the Rel-16 requirement of tracking a single timing reference, SL communication across cell borders using DL timing may not be possible in general.
Proposal 2	Inform RAN4 that, from RAN1 point of view:
	The use of UL timing for SL transmission requires that all SL active UEs (i.e., interested in TX or RX over SL) are RRC_CONNECTED.
	The use of UL timing (i.e., requiring UEs to be RRC_CONNECTED to have a TA value, etc.) for SL transmission must be configurable and always complementary to using DL timing, not a standalone solution.
	If the Rel-16 requirement of tracking a single timing reference is reused, SL communication across cell borders using UL timing may not be possible in general.
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