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1 Introduction

In RAN2#104, the following agreements have been reached

Agreements on MAC:

1:
RAN2 will capture L2 packet filtering function with the condition (i.e. if full L1 id is not used in L1 control information). It is FFS whether we need additional filtering function for unicast and groupcast.

2:
Sidelink carrier/resource (re-)selection function is supported in NR MAC at least for NR Sidelink broadcast. RAN2 should further study whether LTE operation can be reused for Sidelink carrier/resource (re-)selection function in NR, considering RAN1 progress.

3:
Sidelink HARQ transmissions (w/o HARQ feedback) and Sidelink process are supported at least for NR sidelink broadcast. RAN2 should further discuss potential enhancements to sidelink HARQ operation, considering RAN1 progress.

4:
Sidelink specific LCP is supported at least for NR sidelink broadcast in NR MAC. RAN2 should further study how Sidelink specific LCP will work.

5:
Sidelink Buffer Status Reporting is supported for NR sidelink broadcast, groupcast and unicast in NR MAC.

6:
UL/SL TX prioritization is supported for NR sidelink broadcast, groupcast and unicast in NR MAC. Study potential improvements to UL/SL TX prioritization, if necessary e.g. due to potential impact on QoS.

7:
RAN2 should additionally study whether and how to enhance SR procedure/configuration, MAC PDU format, HARQ/CSI feedback/procedure (for groupcast and unicast) (if there is any stage 2 RAN2 issue), and configured SL grant transmission in NR MAC.

In RAN2#105, the following aspects were agreed for MAC
1-1: Separate SR resources and configurations are supported for UL and SL in NR Sidelink Mode 1.

1-2:  Multiple SR resources and configurations are supported for different SL logical channels in NR Sidelink Mode 1.

1-3: At least Destination information, LCG information and Buffer Size are included in Sidelink BSR MAC Control Element for NR Sidelink Mode 1.
In this contribution, we discuss the left issues on UP protocol design.
2 Discussion
2.1 MAC PDU format
In NR-Uu, the number of LCH is increased from 8 to 16, which should be applicable to sidelink as well, i.e., no reason for sidelink to keep the number of LCH for data as 10.
Observation 1 In NR-Uu, the number of LCH and LCG is increased to 16 and 8.

Proposal 1 Increase the number of SL LCH to at least 16.
In order to address the increased number of LCH, NR increase the length of LCID from 5-bit to 6-bit, which results into the following MAC subheader format
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Figure 1 MAC subheader format (upper: R/F/LCID/L MAC subheader with 8-bit L field, middle: R/F/LCID/L MAC subheader with 16-bit L field, lower: R/LCID MAC subheader)
It is straightforward to reuse the existing MAC subheader format for SL-SCH as well.
Proposal 2 Reuse the existing MAC subheader format for SL-SCH, including R/F/LCID/L MAC subheader with 8-bit L field, R/F/LCID/L MAC subheader with 16-bit L field and R/LCID MAC subheader.
For the MAC header, since RAN1 has not progressed on the number of bits, RAN2 has to wait for the RAN1 conclusion to progress on that.
2.2 BSR

For SL BSR design, there are mainly two issues, which has been discussed during LTE-V2X:
One was discussed in [101#73][LTE/V2X] Destination address enhancements (ZTE), which is on the issue that the same destination address may create multiple destination index unnecessarily, simply because the same address is applicable for multiple frequency, as reported in sidelink UE information.
Observation 2 In LTE-V2X, the same destination address would occupy multiple destination index in BSR, if it is reported for multiple frequency in sidelink UE information.

The other issue is LCG association of PPPR, which was introduced in R15, would reduce the LCG resolution in terms of PPPP differentiation, which has not been addressed.
Observation 3 In LTE-V2X, the association of PPPP/PPPR with LCG (limited to 4) would reduce the LCG resolution in terms of QoS requirement differentiation.

In NR-Uu, the number of LCH is increased from 8 to 16, and the LCG number is increased from 4 to 8 correspondingly.

Observation 4 In NR-Uu, the number of LCG is increased to 8.

Here one needs to consider the byte alignment issue. 

· In LTE, 4-bit destination ID + 2-bit LCG ID + 6-bit buffer size index = 1.5 byte
· In NR, the buffer size is defined via either 5-bit or 8-bit, considering the resolution in LTE is 6-bit, it is more straightforward to adopt 8-bit. Considering that, it is more byte-aligned if destination-index + LCG ID = 8-bit, i.e.,

· Either destination index = 5-bit, LCG ID = 3-bit;

· Or destination index = 4-bit, LCG ID = 4-bit;
Considering that NR-V2X is to handle 3 different cast-types, i.e., more destination index is foresee, and even for Uu, 3-bit LCG ID is enough to represent different 5QI.
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Figure 2 SL BSR format

Proposal 3 For SL BSR, adopt 8-bit buffer size, 5-bit destination index and 3-bit LCG ID.

And to solve the redundant destination index, one needs to solve the issue in SidelinkUEInformation design, i.e., instead of reporting destination address list for each interested frequency, report interested frequency list for each destination address.
Proposal 4 Define SUI message for NR-V2X in a way that a list interested frequency is reported for each destination address.

Another issue is how to handle the inter-RAT issue, for which the options could be:
· Option-1 (no inter-RAT BSR): The very baseline is only define a new SUI message for NR-V2X traffic in 38.331, and refer to that in 36.331, while BSR is limited to intra-RAT case, i.e., LTE-BSR (or NR-BSR) is only associated with LTE-SUI (NR-SUI) message, i.e., not introduce BSR format change for inter-RAT case, this is because UAI information is enough for SPS-type traffic;

· Option-2 (inter-RAT BSR + container for SUI): On top of Option-1, inter-RAT BSR can be introduced, either copy the format directly from 36.331 (or 38.331) for LTE-V2X (or NR-V2X) in NR (or LTE) system, or enhance the format defined in 36.331 (or 38.331) in to reflect LTE-V2X (NR-V2X) traffic in NR (or LTE) system.

· Option-3 (inter-RAT BSR + non-container for SUI): instead of the container-based solution, SUI message can be extended in 36.331 (or 38.331) to reflect the NR-V2X (or LTE-V2X) traffic.

In summary, the following table shows the possible spec impact for the 3 options above. It can be seen that the impact is from light to heavy (the highlighted parts are the ones requires specification work).

Table 1 SUI and BSR design for the inter-RAT scenario

	Options
	SUI in LTE
	BSR in LTE
	SUI in NR
	BSR in NR

	1
	LTE-V2X
	Keep the current format 
	Keep the current format 
	Refer to 36.331 for LTE-V2X reporting
	Not introducing BSR format for it.

	
	NR-V2X
	Refer to 38.331 
	Not introducing BSR format 
	Introduce a new SUI format
	Introduce a new BSR format

	2
	LTE-V2X
	Keep the current format 
	Keep the current format
	Refer to 36.331 for LTE-V2X reporting
	Copy the LTE-BSR to reflect the LTE-SUI message, or base on the newly introduced NR-BSR to reflect the LTE-V2X (reported in LTE-SUI) only or jointly with NR-V2X (reported in NR-SUI)

	
	NR-V2X
	Refer to 38.331 
	Copy the NR-BSR to reflect the NR-SUI message, or enhance the LTE-BSR to reflect the NR-V2X (reported in NR-SUI) only or jointly with LTE-V2X (reported in LTE-SUI)
	Introduce a new SUI format
	Introduce a new BSR format, for NR-V2X only or jointly with LTE-V2X (reported in LTE-SUI)

	3
	LTE-V2X
	Keep the current format 
	Keep the current format 
	Introduce a new SUI format
	base on the newly introduced NR-BSR to reflect the LTE-V2X (reported in LTE-SUI) only or jointly with NR-V2X (reported in NR-SUI)

	
	NR-V2X
	Enhance the LTE-SUI format in 36.331
	Enhance the LTE-BSR to reflect the NR-V2X (reported in enhanced LTE-SUI) only or jointly with LTE-V2X (reported in original LTE-SUI)
	Introduce a new SUI format
	Introduce a new BSR format, for NR-V2X only or jointly with LTE-V2X (reported in LTE-SUI)


In order to minimize the spec effort, and also considering the UAI message can already support the SPS traffic, we slightly prefer option-1, i.e., no inter-RAT BSR introduced.

Proposal 5 RAN2 does not pursue BSR for inter-RAT traffic volume reporting.
2.3 UL/SL prioritization

In R15, one needs to 
Step-1: only allows the SL-TXs which are within the TX capability limitation;

Step-2: if there is Uu-TX at the same time, the SL-TXs which are above the prioritization threshold are prioritized

Step-3: UL HARQ process would check the feasible to perform the corresponding UL-TX, together with the SL-TXs;
-
if the MAC entity is not able to perform all uplink transmissions and all transmissions of V2X sidelink communication simultaneously at the time of the transmission; and

-
if uplink transmission is not prioritized by upper layer according to TS 24.386 [15]; and

-
if the value of the highest priority of the sidelink logical channel(s) in the MAC PDU is lower than thresSL-TxPrioritization if thresSL-TxPrioritization is configured.

Observation 5 LTE-V2X use PPPP threshold to prioritize SL over UL.

To mimic the behaviour in NR, one can rely on the QoS attributive to prioritize SL over UL, but rely on PQI instead of PPPP, and further details can be explored after SA2 has figure out the detailed definition of PQI. For the interaction / coordination between LTE-V2X and NR-V2X, that can be handled by RAN1 in the context of co-existence.
Proposal 6 Rely on PQI to prioritize NR-SL over MCG UL, and further specification work can be done after SA2 define PQI in details.
Furthermore, considering that the agreed assumption during SI is as follows

The scenarios considered in the study are captured in the following figures. The scenarios can be categorized into standalone and MR-DC scenarios regarding the architecture. The study prioritised Scenarios 1, 2 and 3, and MN controlling/configuring both NR SL and LTE SL in Scenarios 4, 5 and 6 which is covered by Scenarios 1, 2 and 3 respectively.
I.e., the scenario that the UE operating SL under the control of MN is also configured with SN is also included in the scenario. Considering this is not in the scope of LTE, RAN2 has to clarify the UL/SL prioritization considering the simultaneous configuration of UL and SN.
- Either one assumes there is coupling between SL and SCG UL, which means the coupling between MCG MAC and SCG MAC may be needed, i.e., all three link types, i.e., SL, MCG UL and SCG UL are coupled with each other;
- Or one assumes there is no coupling between SL and SCG UL, which means the coupling between MCG MAC and SCG MAC is removed, i.e., the SL is only coupled with MCG UL. It can be achieved if UE reserve separated chain for MCG and SCG.

Observation 6 Coupling between SL and SCG UL would cause complicated coupling between MCG MAC and SCG MAC.

Proposal 7 RAN2 assume no coupling between SL (LTE and NR) and SCG UL.
2.4 HARQ 
In RAN2#104, the following agreement has been reached
3:
Sidelink HARQ transmissions (w/o HARQ feedback) and Sidelink process are supported at least for NR sidelink broadcast. RAN2 should further discuss potential enhancements to sidelink HARQ operation, considering RAN1 progress.

In RAN1#95, the following agreement has been reached

It is supported to enable and disable SL HARQ feedback in unicast and groupcast.

FFS when HARQ feedback is enabled and disabled.

So it motivates a criterion to decide on the usage of HARQ feedback, for which no criterion has been agreed yet. In legacy LTE, HARQ retransmission number is dependent on the UE speed, sync type, CBR level and PPPP value. HARQ feedback is introduced in NR-V2X due to the support of unicast / groupcast, which does not exist in LTE.
Observation 7 RAN1 agrees on both enabled and disabled SL HARQ feedback, which is not supported in LTE V2X.

For this issue, HARQ feedback cannot be solely decided by AS layer factors (including speed, sync type, CBR levels and etc.), i.e., higher layer input is needed,

· Reliability requirement: HARQ is only needed when the reliability is required;
· Latency requirement: HARQ feedback is necessary when the latency requirement can afford the feedback delay, i.e., blind re-transmission / repetition would be preferred otherwise;

Therefore, QoS attributive could be taken into account, at least considering reliability and latency requirement. In combination with AS layer factors (like speed, sync type, CBR levels and etc.), one can decide on the need of HARQ feedback. A congestion control like mechanism can be used for that, by extending the output parameter to HARQ feedback enabling/disabling. 
Proposal 8 AS layer bases on QoS requirement to enable or disable HARQ feedback for unicast SL.

3 Conclusion
Based on the discussion in section 2, we observe

Observation 1
In NR-Uu, the number of LCH and LCG is increased to 16 and 8.
Observation 2
In LTE-V2X, the same destination address would occupy multiple destination index in BSR, if it is reported for multiple frequency in sidelink UE information.
Observation 3
In LTE-V2X, the association of PPPP/PPPR with LCG (limited to 4) would reduce the LCG resolution in terms of QoS requirement differentiation.
Observation 4
In NR-Uu, the number of LCG is increased to 8.
Observation 5
If support BSR for inter-RAT case, one needs to handle LTE SL BSR for SUI message defined in NR, and NR SL BSR for SUI message defined for NR.
Observation 6
If support BSR for inter-RAT case, one needs to handle NR SUI message to reflect LTE-V2X traffic or LTE SUI message to reflect NR-V2X traffic.
Observation 7
If support BSR for inter-RAT case, one needs to handle LTE BSR or NR BSR message coupled with both LTE SUI and NR SUI.
Observation 8
LTE-V2X use PPPP threshold to prioritize SL over UL.
Observation 9
Coupling between SL and SCG UL would cause complicated coupling between MCG MAC and SCG MAC.
Observation 10
RAN1 agrees on both enabled and disabled SL HARQ feedback, which is not supported in LTE V2X.


And thus we propose:
Proposal 1
Increase the number of SL LCH to at least 16.
Proposal 2
Reuse the existing MAC subheader format for SL-SCH, including R/F/LCID/L MAC subheader with 8-bit L field, R/F/LCID/L MAC subheader with 16-bit L field and R/LCID MAC subheader.
Proposal 3
For SL BSR, adopt 8-bit buffer size, 5-bit destination index and 3-bit LCG ID.
Proposal 4
Define SUI message for NR-V2X in a way that a list interested frequency is reported for each destination address.
Proposal 5
RAN2 does not pursue standardization of BSR for inter-RAT case.
Proposal 6
Rely on PQI to prioritize NR-SL over MCG UL, and further specification work can be done after SA2 define PQI in details.
Proposal 7
RAN2 assume no coupling between SL (LTE and NR) and SCG UL.
Proposal 8
AS layer bases on QoS requirement to enable or disable HARQ feedback for unicast SL.
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