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1 Introduction

In eV2x WID, the main objective is to enable CA transmission for PC5. In this paper, we discuss the impact on LCP in PC5 CA scenario.
2 Discussion
2.1 Issue-1: MAC PDU or MAC SDU PPPP restriction
In RAN2#99bis, it was agreed that PPPP is considered for carrier selection

Priority indicated by PPPP should be considered for the UE’s Tx carrier selection in PC5 CA from RAN2 perspective.
Following this agreement, there is a need to consider the PPPP-to-carrier mapping in logical channel selection. However, in more details, there are two different alternatives:

· Alt-1 (PPPP restriction is for MAC SDU): I.e., if for a specific carrier, the associated PPPP is X, then only the logical channel of PPPP X can be used to generate MAC PDU to be delivered on the said carrier.

· Alt-2 (PPPP restriction is for MAC PDU): I.e., if for a specific carrier, the associated PPPP is X, then as long as the highest priority of logical channels in the MAC PDU is X, the said MAC PDU can be delivered on the said carrier.

One may argue that Alt-2 would cause some free-ride problem, i.e., a lower priority data may be piggy-back by a higher priority data in one MAC PDU, and thus try to go for Alt-1 to avoid that issue. But to solve this piggy-back issue, the side-effect is as follows:

· Alt-1 would cause the harmful effect that, the logical channels of a SAME destination would be distributed to more carriers, i.e., Alt-1 would increase the number of carriers to be used by a single UE, by scattering the data into more carriers. This would cause not only concern to TX side due to TX capability limitation, but also to Rx side if considering limited RX chain issue.

Observation 1 Alt-1 would cause TX to make use more carriers, and thus is harmful from TX capability limitation and limited Rx chain perspective.

· Looking at legacy CR limit restriction in TS 36.213, the sum operation is for all the PPPP value i that larger than the concerned PPPP value k, and this restriction has to be followed for all k. If we in Rel-15 to remove this free-ride issue, that would cause further impact on the CR limit calculation as well – why do we bother to add “all the PPPP value i that larger than the concerned PPPP value k” to satisfy CR limit of PPPP k? And to change this, RAN1 impact cannot be avoided.

Observation 2 Alt-1 would cause misalignment w.r.t. CR limit formula, and RAN1 effort is needed to solve that.

If a UE is configured with high layer parameter cr-Limit and transmits PSSCH in subframe n, the UE shall ensure the following limits for any priority value k;
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where 
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 is the CR evaluated in subframe n-4 for the PSSCH transmissions with “Priority” field in the SCI set to i, and 
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 corresponds to the high layer parameter cr-Limit that is associated with the priority value k and the CBR range which includes the CBR measured in subframe n-4.
Proposal 1 Clarify in LCP procedure that the logical channel selection should follow the PPPP-to-carrier mapping, where the PPPP is the lowest PPPP of the logical channel in the delivered MAC PDU.

2.2 Issue-2: T2min_set impact to LCP

In TS 36.213, it is specified that

The UE shall assume that any set of 
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 contiguous sub-channels included in the corresponding PSSCH resource pool (described in 14.1.5) within the time interval 
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 corresponds to one candidate single-subframe resource, where selections of 
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 are up to UE implementations under 
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. UE selection of 
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 shall fulfil the latency requirement. The total number of the candidate single-subframe resources is denoted by
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However, it was agreed by RAN1 that for reduced latency, the shorter T2 is configurable.

	Reduced PHY latency
	T2min_Set
	New
	The minimum T2 value allowed for mode-4 operation per PPPP
	10ms to 20ms, granularity up to RAN2
	Resource pool specific
	36.331


Which means that it is not fully up to UE to select T2 which fulfilling the latency requirement, i.e., it may happen that for a specific carrier / pool, UE cannot select T2 to satisfying the latency requirement of all logical channels.

Observation 3 Due to the configurable T2min_Set, it is possible UE cannot select T2 to fulfil latency requirement of all logical channels.

In this case, if the latency requirement of a specific logical channel cannot be satisfied by the grant under the configured T2min_Set, there is no reason to put the data of the said logical channel into the grant.

Proposal 2 Clarify in LCP procedure that only the logical channels of which the latency requirement is satisfied by T2 can be used to generate MAC PDU.

2.3 Issue-3: Duplicate-LCH-to-carrier mapping

As agreed at RAN2#100, PDCP duplication would impose restriction on LCP

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.
So that LCP procedure has to ensure that for each carrier, only one of the two duplicate LCH is selected for MAC PDU generation. And a further problem is which logical channel to select, for which two alternatives are as follows:
· Alt-1: the duplicate-LCH-to-carrier mapping is configured by network, so for each carrier, the LCP module would only select the associated logical channel for MAC PDU generation;

· Alt-2: the duplicate-LCH-to-carrier mapping is decided by UE, so for each carrier, the LCP module would by itself select one for MAC PDU generation. The LCP would ensure there is no buffered data of one LCH before serving another duplicate LCH.

We see both alternatives are valid. Alt-1 is useful for mode-3 since the network can configure the duplicate-LCH-to-carrier mapping properly by knowing the data volume from BSR. 

Proposal 3 Clarify in LCP procedure that the logical channel selection should follow the network configured LCH-to-carrier mapping for PDCP duplication in case of mode-3.

Alt-2 is useful for mode-4 not only for out-of-coverage case, but also for in-coverage case since network is unaware of the data volume. One left issue is whether the LCP procedure priority of duplicate data should be lower than the original data:

· Either no impact on LCP, and it is fully up to UE implementation, then there might be a case that neither original / duplicate logical channel buffer are cleared, although they both get resource for data delivery;
· Or in LCP, we clarify the UE itself needs to ensure the duplicate LCH is served after the buffered data of original LCH has been cleared. In this way, at least the original data can be served first, and the duplicated data would be served only if there is remaining resources.

We tend to go for the latter case.

Proposal 4 Clarify in LCP procedure that the buffer of one logical channel is empty before serving the other duplicate logical channel for PDCP duplication in case of mode-4.
3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
Alt-1 would cause TX to make use more carriers, and thus is harmful from TX capability limitation and limited Rx chain perspective.
Observation 2
Alt-1 would cause misalignment w.r.t. CR limit formula, and RAN1 effort is needed to solve that.
Observation 3
Due to the configurable T2min_Set, it is possible UE cannot select T2 to fulfil latency requirement of all logical channels.


Based on the observations, we propose:
Proposal 1
Clarify in LCP procedure that the logical channel selection should follow the PPPP-to-carrier mapping, where the PPPP is the lowest PPPP of the logical channel in the delivered MAC PDU.
Proposal 2
Clarify in LCP procedure that only the logical channels of which the latency requirement is satisfied by T2 can be used to generate MAC PDU.
Proposal 3
Clarify in LCP procedure that the logical channel selection should follow the network configured LCH-to-carrier mapping for PDCP duplication in case of mode-3.
Proposal 4
Clarify in LCP procedure that the buffer of one logical channel is empty before serving the other duplicate logical channel for PDCP duplication in case of mode-4.
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