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1 Introduction

In RAN2#99bis, it was agreed that

Agreements:

1: Agreed with the need of packet duplication
In RAN2#100, it was agreed that

Agreements

1 Sidelink packet duplication in LTE is anchored at PDCP.

2 As for the Uu packet duplication, duplicated sidelink PDCP PDUs are submitted to two different RLC entities and associated to two different logical channels.
3 As for the Uu packet duplication, sidelink packet duplication on a single carrier is not supported, i.e. the MAC layer cannot multiplex the two logical channels associated to a duplicate packet into the same HARQ entity.
4 The LCID(s) that can be used for transmission of one replica of a duplicate packet are reserved, i.e. they cannot be used by non-duplicated packet transmission. RAN2 to discuss whether this LCID(s) for the duplicated packet should be (pre)configured or hard-coded or up to the UE implementation. (FFS (pre)configuration or hard-coded or up to the UE implementation. Option should be worked for both mode3 and mode4.)
5 Will ask SA2 the possibility to derive reliability inforamtion. Will include some background information for packet duplication and the benifits of reliability indication. Includes background information of Rel-14 PPPP.
Agreements:

1 For mode4 (connected and idle), UE autonomous activation of duplication transmission on multiple carriers is allowed based on (pre)configuration. FFS on UE request to NW for duplication transmission.
In RAN2#101, it was agreed that

Agreements
1: PDCP performs packet duplication detection in Rx UE.
=> Working assumption: Option1 (Hard-coded) unless it brings big problem.
In this contribution, we discuss the procedure of duplication for mode-4.
2 Discussion
2.1 Duplication (De-)Activation
No matter for in/out-of-coverage UE, the first problem is how for the UE to know whether to use an additional RLC entity to serve the duplicated PDCP PDU for a specific destination / service. The decision may take into account of different dimensions:

· PPPR level: the duplication should be enabled only when the reliability requirment is higher than a (pre)configured PPPR threshold;
· CBR level: The duplication should be enabled only when the measured CBR is lower than a (pre)configured CBR threshold;
· PPPP level: Compared to high priority traffic, the duplication is less motivated for low priority traffic, i.e., the duplication should be enabled only when the associated PPPP value is above the (pre)configured PPPP threshold;
In the above, the reliability requirement is for sure needed. The latter two are also needed, especially considering the two are agreed as input factor of Tx carrier selection, which logically include the carrier selection for both duplication and non-duplication case. Yet there are two alternatives:

· Alt-1: the CBR / PPPP restriction used for non-duplication transmission is reused for duplication, i.e., as long as the non-duplication transmission is allowed for the CBR / PPPP value, duplication transmission is allowed as well (given PPPR threshold is satisfied).

· Alt-2: the CBR / PPPP restriction used for non-duplication transmission is NOT reused for duplication, i.e., even if non-duplication transmission is allowed for the CBR / PPPP value, duplication transmission is not necessarily allowed (even if PPPR threshold is satisfied), e.g., an even more restrictive threshold of CBR / PPPP should be used for duplication transmission.

Proposal 1 Mode-4 UE (de)activates duplication based on (pre)configuration of PPPR level.
Proposal 2 RAN2 discuss whether apply the CBR and PPPP configuration for non-duplication transmission to duplication activation, or introduce a dedicated CBR and PPPP configuration for duplication activation.
2.2 Carrier restriction for duplication

Another issue is the logical channel to frequency carrier mapping. For mode-4, in order to achieve the following agreement, UE has to differentiate the carrier used for the two duplicated logical channels.

1 As for the Uu packet duplication, sidelink packet duplication on a single carrier is not supported, i.e. the MAC layer cannot multiplex the two logical channels associated to a duplicate packet into the same HARQ entity.
In order to solve this issue, there could be generally two solutions:

· Alt-1: Rely on network configuration or pre-configuration.

· Alt-2: Rely on UE implementation to select the carriers for one logical channel firstly, and use the left carriers for duplicated logical channel afterwards.

Alt-1 is OK for mode-3, since network can know the data volume of different bearers via BSR. But for mode-4, where network is not aware of the data volume, the network configuration or pre-configuration cannot differentiate between the two cases in advance (assume there are X carriers in total):

· Case-1: assign X/2 carriers to each of the duplicated logical channels;

· Case-2: X/2 carriers are not enough to carry the data volume of one logical channel, e.g., 2X/3 channel has to be used, and thus duplicated data have to be de-prioritized;

In other words, Alt-1 may cause the problem that neither of the original / duplicate logical channel can be served well. Furthermore, (pre-)configuration of carrier restriction for duplication may further complicate the TX carrier selection issue, e.g., UE need to select the TX carrier following the carrier restriction after applying CBR, PPPP, TX capability limitation issue.
Observation 1 (Pre)configuration based carrier restriction for duplication in mode-4 would cause that data volume of the original logical channel can be fully served

Observation 2 (Pre)configuration based carrier restriction for duplication in mode-4 further complicate the TX carrier selection.

Proposal 3 If duplication is activated, it is up to UE implementation to select the carriers for one logical channel firstly and use the left carriers for duplicated logical channel afterwards.

2.3 RLC-PDCP association indication
Different from cellular system, sidelink communication may happen without network coverage, so one premise to apply PDCP duplication based transmission/reception is have an aligned protocol stack architecture between transmitter and receiver(s), i.e., for receiver to know the mapping between radio bearer (RB) ID / PDCP entity and logical cannel ID (LCID) / RLC entity when duplication is (de)activated. For which there could be generally two types of solution:

Alt-A: hard-coded LCID – E.g., for all UEs, there is a fixed / static mapping between RLC entity and PDCP entity, e.g., LCID 1 and 11 always map to SLRB 1, LCID 2 and 12 always map to SLRB 2 and etc. (where LCID 11/12/… are used only when duplication is activated). Currently, there is 17 reserved LCID, i.e., 7 reserved LCID is left after using 10 for duplication for logical channel duplication, i.e., to map 0001-1010 to 1011-10100.
Table 1 Values of LCID for SL-SCH in Rel-14
	Index
	LCID values

	00000
	Reserved

	00001-01010
	Identity of the logical channel

	01011-11011
	Reserved

	11100
	PC5-S messages that are not protected

	11101
	PC5-S messages "Direct Security Mode Command" and "Direct Security Mode Complete"

	11110
	Other PC5-S messages that are protected

	11111
	Padding


· Alt-B: reuse current LCID and reserved bit – one equivalent way is to make use of the reserved bit. In more details, it is that

· On carrier-1, transmit one MAC SDU A with reserved bit = 0, LCID = X, e.g., X=00001;

· On carrier-2, transmit another MAC SDU B (generated from the duplicated PDCP PDU) with reserved bit = 1, LCID = X, e.g., X=00001;

In this way, the reserved LCID space can be kept, and the duplication feature can be extended to PC5-S message as well (while if using Alt-A, the reserved LCID space would be reduced to 4 if one would like to extend to PC5-S messages). Yet please note that the shortage of alt-A is due to it does not make use of the reserved bit. In other words, further LCID space can be explored by further use reserved bit later if go for Alt-A.
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Figure 1 R/R/E/LCID/F/L MAC subheader
However, for both alternatives above, Rel-14 UE cannot detect the duplicated message (i.e., the MAC PDU containing MAC SDU B) anyway, since as follows:

When a MAC entity receives a MAC PDU for the MAC entity’s C-RNTI or Semi-Persistent Scheduling C-RNTI, or by the configured downlink assignment, or on SL-SCH, containing reserved or invalid values, the MAC entity shall:

-
discard the received PDU.
Proposal 4 Use hard-coded LCID or reserved bit with same LCID to indicate the duplicated logical channel.

3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
(Pre)configuration based carrier restriction for duplication in mode-4 would cause that data volume of the original logical channel can be fully served
Observation 2
(Pre)configuration based carrier restriction for duplication in mode-4 further complicate the TX carrier selection.


Based on the observations, we propose:
Proposal 1
Mode-4 UE (de)activates duplication based on (pre)configuration of PPPR level.
Proposal 2
RAN2 discuss whether apply the CBR and PPPP configuration for non-duplication transmission to duplication activation, or introduce a dedicated CBR and PPPP configuration for duplication activation.
Proposal 3
If duplication is activated, it is up to UE implementation to select the carriers for one logical channel firstly and use the left carriers for duplicated logical channel afterwards.
Proposal 4
Use hard-coded LCID or reserved bit with same LCID to indicate the duplicated logical channel.


4 Reference
[1] Summary of [99#48][eV2X] Selection of Tx carriers, Huawei. 

[2] R2-1712751, Discussion on the Tx carrier selection for PC5 CA, Huawei
[3] R2-1713070, Discussion on carrier selection in PC5 CA, ZTE

[4] R2-1713516, Sidelink Carrier Selection Criteria for TX, Ericsson

[5] R2-1712626, Remaining aspects of TX Carrier Selection for CA over PC5, Intel
[6] R2-1701246, Summary of [96#63][LTE/V2X] – CBR, CATT
[7] R2-1712183, Discussion on Carrier Set Configuration for PC5 CA, OPPO.

4/4


_1264542979.vsd
LCID


R


F


L


R/R/E/LCID/F/L sub-header with 7-bits L field


R/R/E/LCID/F/L sub-header with 15-bits L field


R


E


LCID


R


F


L


R


E


L


Oct 1


Oct 2


Oct 1


Oct 2


Oct 3



