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1      Introduction
In RAN2#99 meeting, following was agreed regarding LCP.

Agreements:

1. LCH restriction is based on available parameters coming from PHY and/or RRC.

2. The physical layer parameters required by the LCP for the purpose of LCP restrictions are provided to the MAC from the PHY layer.  How this is captured is FFS    

3. Parameters for LCP restrictions - Sub-Carrier Spacing, Cell, “Time”.  What “time” means is FFS (e.g. PUSCH transmission duration and K2).  FFS if other parameters are required (e.g. transmission mode).

4. If there are multiple Grants for a UE at a certain point in time the order in which the UE processes the grants is up to UE implementation

5. The LCP restriction does not apply to MAC CE at least for non-duplication case

There are open issues on LCP restriction parameters and modelling. In this contribution, we discuss this aspect.
2      Discussion
2.1     Time information parameters for LCP restriction
As discussed in RAN2#99 meeting, there are several candidates as time parameter for LCP restriction: PDCCH period, PUSCH transmission duration, the time between PDCCH and PUSCH (K2), or HARQ RTT. The main motivation for LCP restriction is to satisfy the QoS requirements and latency is one of the most important factor to consider. All the four time parameters are related to latency. Therefore the main criterion to select one parameter for LCP restriction is to consider the necessary standardization efforts.
HARQ RTT

First of all, HARQ RTT is only used in DRX so far. It is preferable to decouple the LCP operation and DRX since LCP can be performed when DRX is not configured. Therefore HARQ RTT should not be considered as LCP restriction parameter.

PDCCH period

Currently in RAN1 TS 38.213 [2] (as copied below), Q control resources (CORSET) can be configured for each serving cell. For each CORSET q, 
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, both the start OFDM symbol and the number of consecutive OFDM symbols can be configured. There is a periodicity
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	For each serving cell, higher layer signalling configures a UE with 
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 control resource sets. For control resource set 
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, the configuration includes:

-
a first OFDM symbol provided by higher layer parameter [CORESET-start-symb], 

-
a number of consecutive OFDM symbols provided by higher layer parameter [CORESET-time-duration], 

…
In non-DRX mode operation, a UE monitors PDCCH candidates in control resource set 
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 according to a periodicity of 
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 symbols that is configured by higher layer parameter [CORESET-monitor-period] for control resource set 
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It is not clear which PDCCH period should be used for LCP restriction. The PDCCH period of the CORSET corresponding to the UL grant might not reflect the actual delay requirement. For example, it is possible to configure Q CORSETs with each CORSET has the periodicity of 1 slot. The Q CORSETs can be evenly distributed within each slot. In this manner, the effective PDCCH density can be 1 CORSET per OFDM symbol (suppose Q=14), and such configuration is well suitable to schedule URLLC services. On the other hand, 1 slot PDCCH period might not be suitable for LCP restriction in this case since it is also possible to configure CORSETs for eMBB with 1 slot PDCCH period. Another alternative for PDCCH period is to consider the timing difference between consecutive CORSETs. But given the flexible configuration of CORSET, more standardization efforts are needed.
From above discussion, it can be seen that PDCCH period is not suitable as LCP restriction parameter.

PUSCH transmission duration vs. K2
There is no ambiguity regarding PUSCH transmission duration and K2. However there are some advantages of using PUSCH transmission duration over K2:

· TTI is already used as LCP restriction parameter in LTE sTTI. PUSCH transmission duration is well aligned with the TTI terminology.
· RAN1 is still discussing the values for K2, therefore using K2 as LCP restriction parameter highly depends on RAN1 progress.

Considering above discussion, it is proposed that PUSCH transmission duration is used as the timing information for LCP restriction.

Proposal 1: PUSCH transmission duration is used as the time information for LCP restriction.
2.2     Other parameters to take into account in LCP restriction
RAN2 has already agreed that SCS, cell and “time” should be considered for LCP. During email discussion [NR-AH2#15][NR UP] LCP, there were proposals to consider following parameters in addition:

· Power boost

· Transmission mode: grant-free/grant-based

Before discussing any specific parameters, we should recap on why those parameters are considered in LCP. The main motivation is to satisfy QoS requirement (e.g. latency). All the parameters considered in the LCP serve as a filter to decide which LCHs can be considered for the particular UL grant.

Given that agreed SCS and “time” can cater for the QoS requirements, the question now is whether additional parameters can provide some restriction that cannot be realized by SCS/ “time”? It should be noted that any additional parameter increases the signalling overhead and complexity when UE performs LCP, therefore the benefits should be clearly justified.
Power boost
According to the proponent, the motivation of using power boost is to increase the likelihood of a successful transmission in case of a short deadline [1]. Firstly, whether such temporary power boost (as indicated in PDCCH) should be introduced is mainly a RAN1 decision. From RAN2 perspective, it is not clear whether a one shot power increase is really beneficial from satisfying QoS requirement perspective. It is more consistent to achieve low latency by using the restrictions from SCS/ “time” instead of relying on the temporary power boost.
Transmission mode: grant-free/grant-based
According to the proponent, the motivation of considering grant-free/grant based is that a grant-free UL transmission may be triggered only by those LCHs with critical latency requirement, e.g., LCH dedicated for URLLC services [1]. However, the latency consideration can be handled by the SCS/ “time” restriction as well as the LCH priority configuration. There seems no need to further consider the type of grant (grant-free/grant-based) for the LCH restriction.

Proposal 2: There is no need to consider the following parameters as LCH applicability: power boost, and transmission mode (grant-free/grant-based).
2.3     Provisioning of LCP restriction parametes from PHY to MAC
In RAN2#99 meeting, the solution of explicit transmission profile indicated in PDCCH is excluded. It was agreed that “The physical layer parameters required by the LCP for the purpose of LCP restrictions are provided to the MAC from the PHY layer. How this is captured is FFS”. The main open issue is whether to define transmission profiles to be used between MAC and PHY interface. There are mainly two options:
· Option A: Transmission profile is not used. RRC configures for each logical channel, whether restriction is applied based on the LCP restriction parameters. LCP restriction parameters are passed from PHY layer to MAC layer directly. MAC layer selects the LCHs applicable for the UL grant based on LCP restriction parameters.

· Option B: Transmission profile is used. RRC configures the relationship between transmission profile and the LCP restriction parameters. For each logical channel, RRC configures the applicable transmission profiles. After receiving UL grant, PHY layer derives the transmission profile from LCP restriction parameters according to RRC configuration, and passes the transmission profile to MAC layer. MAC layer then selects the LCHs applicable based on the transmission profile restriction.

Comparison of the two options is shown in Figure 1 below. It is obvious that there are less standardization efforts and implementation efforts with Option A. 
· From RRC configuration perspective, there is less efforts in Option A to define the LCP restriction in RRC signalling since transmission profile configuration is not needed.
· In option A, the implementation of transmission profile is restricted to MAC layer. While in option B, the physical layer should derive the transmission profile based on LCP restriction parameters.
One may argue that there is less parameter exchange with Option B. However, such parameter exchange is within a UE implementation therefore the cost is very low. In addition, there are only limited parameters exchanged and some parameters (e.g. PUSCH transmission duration) might be useful for other MAC functionalities anyway. 
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Figure 1: Comparison of LCP restriction modelling options
Given above discussion, it is preferred that no transmission profiles are defined. LCP restriction parameters are directly utilized in MAC layer to select LCHs for the uplink grant.

Proposal 3: No transmission profiles are defined. LCP restriction parameters are directly utilized in MAC layer to select LCHs for the uplink grant.
3      Conclusion
In this contribution, we discuss LCP restrictions and modelling, and propose the following:
Proposal 1: PUSCH transmission duration is used as the time information for LCP restriction.

Proposal 2: There is no need to consider the following parameters as LCH applicability: power boost, and transmission mode (grant-free/grant-based).
Proposal 3: No transmission profiles are defined. LCP restriction parameters are directly utilized in MAC layer to select LCHs for the uplink grant.
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