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1 Introduction
In RAN2 #101 meeting, the following working assumption was made by RAN2 regarding the LCID configuration for sidelink PDCP duplication [1]:
	Possible options: 
1) Hard-coded: 7

2) Configuration and/or preconfiguration: ruled-out

3) Up to UE implementation with informing duplicated LCID to Rx UE: 5

4) Hybrid option: 1) + 2): ruled-out
=> Working assumption: Option1 (Hard-coded) unless it brings big problem.


This working assumption was actually made without clear knowledge whether there will really be technical issue for the hard-coded solution. 
With further investigation, we find that this hard-coded solution indeed has obvious technical issues, affecting the inter-operability between Rel-15 UEs and Rel-14 UEs. This paper will first elaborate this inter-operability issue caused by the hard-coded solution, and then justify Option 3), i.e. informing the duplicated LCID to the Rx UE, as a more proper solution with no such issue.    
2 Technical issue of hard-coded LCID for SL PDCP duplication
The hard-coded solution proposes to occupy some reserved LCID values in the Rel-14 specification to indicate the duplicated LCHs for Rel-15 sidelink PDCP duplication, as in the following example shown in Table 2-1:

Table 2-1 An example for the hard-coded LCID for SL PDCP duplication (for Rel-15 UEs)
	Index
	LCID values

	00000
	Reserved

	00001-01010
	Identity of the logical channel

	01011-10100

(e.g.)
	Identify of the logical channel for PDCP duplication (i.e. duplicated data)

	0101110101-11011
	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


This solution can work between two Rel-15 UEs which both know the new meaning of the occupied reserved LCID values (e.g. "01011-10100" in the Table). However, with the Rel-14 UEs only able to treat these values as the reserved LCID values, if a Rel-14 UE receives a MAC PDU which contains a reserved LCID value defined for Rel-15 sidelink PDCP duplication, the UE has to discard the whole MAC PDU received according to the existing TS 36.321
. This means, as long as any MAC SDU in a received MAC PDU is a duplicated packet indicated by a reserved LCID value, the Rel-14 UE has to (mis-)discard all the other MAC SDUs, which are non-duplicated packets and thus shall actually be recevied by the UE. This problem is shown in the following Figure. 
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Figure 2-1 Mis-discarding MAC SDUs by Rel-14 UEs due to the hard-coded solution
The "mis-discarding" of Rel-14 UEs shown above results in an unacceptable inter-operability issue between Rel-14 and Rel-15 V2X UEs, since it makes the Rel-14 UEs fail to receive some necessary V2X packets from nearby Rel-15 UEs by discarding them mistakenly (due to the abuse of reserved LCID values by the hard-coded solution).   

Observation 1: The hard-coded solution can cause Rel-14 UEs to discard the MAC SDUs that should have been received, along with the MAC SDU(s) indicated by a reserved LCID value (i.e. duplicated packet) in the same MAC PDU. This results in an unacceptable inter-operability issue that the Rel-14 UEs may be unable to receive some necessary V2X packets from nearby Rel-15 UEs. 
Somebody argued in the last meeting to add a restriction to SL LCP that the duplicated packet cannot be multiplexed with non-duplicated packet in the same MAC PDU, in order to avoid this inter-operability issue revealed in Observation 1. However, this may cause obvious resource wastage, because in case the duplicated packet can only occupy a portion of the SL grant available for transmission, the rest of the resources has to be filled in by padding and thus wasted; this resource wastage is particularly obvious for resource reservation and sidelink SPS. 
Also, such a restriction to SL LCP is not as simple as it sounds, but is likely to introduce big standard changes and thus complicate the specification. As a result, the inter-operability issue of the hard-coded solution cannot be overcome with such a method (i.e. restricting duplicated packet and non-duplicated packet not to be multiplexed in SL LCP). 

Observation 2: To place a restriction that duplicated packets and non-duplicated packets cannot be multiplexed not only leads to resource wastage, but also results in considerable standard changes; so this may not be a good way to avoid the inter-operability issue of the hard-coded solution.  
Based on the above analyses, we discover that the inter-operability issue caused by the hard-coded solution as identified in Observation 1 may be inevitable, so the working assumption should be reversed. 

Proposal 1: The hard-coded LCID for sidelink PDCP duplication can lead to inter-operability issue as in Observation 1, which is an unacceptable problem, so the working assumption to adopt the hard-coded solution should be reversed. 
3 Proposed Solution: Indicating the duplicated LCIDs over sidelink  

According to the conclusion from the last meeting, now only "3) Up to UE implementation with informing duplicated LCID to Rx UE" is left as the candidate solution. In this section, we will provide the details for this solution. The basic idea of this solution is, as the legacy Rel-14 V2X, to leave the LCID selection to UE implementation at the Tx side, and the Tx UE can indicate which two LCIDs are corresponding to a pair of duplicated sidelink logical channel (LCH) along with the transmissions of the sidelink MAC PDUs. In this case, when the Rx UE receives MAC PDUs from different carriers, it can know that the MAC SDUs corresponding to these two LCIDs indicated are the duplicated packets that should be delivered to the duplicated LCHs of the same PDCP entity. 

To overcome the inter-operability issue, this indication of the duplicated LCIDs is realized by using the two "R" fields in the existing MAC subheader for SL-SCH (see Appendix B). Specifically, if two MAC subheaders received by the UE are with the same "RR" field value (regardless of which carrier they are received from), the corresponding LCIDs included in the MAC subheaders refer to a pair of duplicated LCHs, and the corresponding two MAC SDUs will be delivered to the same PDCP entity. In addition, the non-duplicated sidelink LCHs also need to be indicated, in order to be distinguished from those actually used for sidelink PDCP duplication. By such a means, a Rel-15 UE only needs to select LCID values for the duplicated LCHs within "00001~01010", not necessarily relying on any reserved LCIDs. 
Figure 3-1 gives an example for this solution. Assume that "RR = 00" indicates non-duplicated LCHs, whereas "RR = 01/10/11" indicates duplicated LCH pair 1/2/3 respectively. For the pair of duplicated LCH1 and LCH2 in the figure, the Tx UE can select two LCID values for them, e.g. LCID 1 and LCID 2, within "00001-01010" based on UE implementation, and for any MAC SDU from LCH 1 and LCH 2, the "RR" field in the corresponding MAC subheader is set as "01". Then, the Rx UE knows the received MAC SDUs corresponding to LCID 1 or LCID 2 belong to a pair of duplicated LCHs (regardless of which carrier the MAC SDUs are received), because they have the same "RR" field value of "RR = 01" in the MAC subheader; thus, the Rx UE can deliver these received MAC SDUs to a pair of duplicated LCHs associated with the same PDCP entity. Same thing holds for "RR = 10/11", and for "RR = 00" the Rx UE knows that the corresponding MAC SDUs are non-duplicated and thus use the legacy Rel-14 reception scheme. 
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Figure 3-1 Illustration for indicating the duplicated LCID values over sidelink
We see from above that, by utilizing "R" field the duplicated LCHs do not need to utilize any reserved LCID values of Rel-14 Spec, while the reserved bits in sidelink MAC PDU are ignored by Rel-14 UEs. To this end, the Rel-14 UEs will not discard any received MAC PDU mistakenly due to the reserved LCID values as in the hard-coded solution. Hence, the inter-operability issue does not exist for the solution of "indicating the duplicated LCIDs over sidelink" shown above. 
Proposal 2: Use the two "R" fields in the MAC subheader to indicate the LCIDs of the duplicated LCHs. The LCIDs that correspond to the same "RR" field value indicate a pair of duplicated sidelink LCHs of the same PDCP entity. 
Additionally, the above proposal can supports three pairs of duplicated LCHs to be activated at the same time. Since there are only 5 reliability requirements according to TS 22.186 [3] and not all the reliability needs duplication, three pairs of duplicated LCHs seem already enough. 

4 Conclusions
In this contribution, we further discussed the LCID configuration for sidelink PDCP duplication based on the progress of last RNA2 meeting, the following observations and proposals are given:
Observation 1: The hard-coded solution can cause Rel-14 UEs to discard the MAC SDUs that should have been received, along with the MAC SDU(s) indicated by a reserved LCID value (i.e. duplicated packet) in the same MAC PDU. This results in an unacceptable inter-operability issue that the Rel-14 UEs may be unable to receive some necessary V2X packets from nearby Rel-15 UEs. 
Observation 2: To place a restriction that duplicated packets and non-duplicated packets cannot be multiplexed not only leads to resource wastage, but also results in considerable standard changes; so this may not be a good way to avoid the inter-operability issue of the hard-coded solution.  
Proposal 1: The hard-coded LCID for sidelink PDCP duplication can lead to inter-operability issue as in Observation 1, which is an unacceptable problem, so the working assumption to adopt the hard-coded solution should be reversed. 
Proposal 2: Use the two "R" fields in the MAC subheader to indicate the LCIDs of the duplicated LCHs. The LCIDs that correspond to the same "RR" field value indicate a pair of duplicated sidelink LCHs of the same PDCP entity.  
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6 Appendix A: Handling of unknown unforeseen and erroneous protocol data in [2]
	TS 36.321

5.11
Handling of unknown, unforeseen and erroneous protocol data

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.


7 Appendix B: MAC subheader of MAC PDU (SL-SCH) [2] 
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� See Appendix A. 
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