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1 Introduction
In the RAN2 #99 meeting, we discussed various aspects of LCP and made the following agreements [1].
	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.



In regard to the ‘other parameters’ in the agreements, it was suggested that whether a given resource is for grant-free or grant-based should be taken into account for LCP. In this context, the following observation and proposal were captured in the summary of the LCP e-mail discussion [2].
	Observation: one company thought grant-free/grant-based should be taken into account, as grant-free resources should give low latency as long as the load can be kept low, and restrictions are needed to keep the load low.
Proposal 2: RAN2 could discuss whether power boost or grant-free/grant-based can be taken into account to determine LCH applicability.



To make further progress, we investigate the following issue from the ‘LCH restriction’ and ‘collision’ perspectives.
· How to deal with UL grant-free transmission when there are multiple UEs that use both eMBB and URLLC?
2 Discussion
In NR, UL grant-free transmission is identified as a promising solution to meet the performance requirements of URLLC. One key aspect of this scheme is to allow multiple UEs to perform UL grant-free transmission on the same time/frequency resource. Hence, these resources can be allocated frequently without much decrease in resource utilization efficiency. It should be noted that a gNB can identify the UEs that transmit without UL grant by the allocated resource and UE-specific DM-RS parameters.
Although the UEs that perform UL grant-free transmission on the same resource can be distinguishable, it is possible that data (i.e., PUSCH) from them cannot be decoded due to collision. This probability of collision is highly related to (a) the number of UEs that are allocated to the same resource and (b) the amount of data generated from them, where (a) and (b) can be seen as ‘UE-level load’ and ‘LCH-level load’, respectively. As a result, both (a) and (b) should be maintained at an acceptable level to achieve the latency and reliability requirements of URLLC.
Observation 1: If the resource for UL grant-free transmission is shared among multiple UEs, the data from them can be collided. To avoid this situation, the load on the grant-free resource should be kept low.

(a) UE-level load management
According to the following RAN1 agreements, the UE-level load can be controlled by RRC (re)configuration and L1 signaling that is used to activate/deactivate UL grant-free transmission. Note that the UE-level load management is not highly related to the LCP procedure.
	Agreements
· Type of UL data transmission without grant
· Type 1: UL data transmission without grant is only based on RRC (re)configuration without any L1 signaling
· Type 2: UL data transmission without grant is based on both RRC configuration and L1 signaling to activation/deactivation for UL data transmission without grant
· Note: functionality of modification is achieved the L1 signaling by activation
· Type 3: UL data transmission without grant is based on RRC configuration, and allows L1 signaling to modify some parameters configured by RRC but no L1 signaling for activation



(b) LCH-level load management
The main reason why LCP, in particular LCH restriction, requires to consider whether a given resource is for grant-free or grant-based is to control the load (and the consequent collision probability) at an LCH level. However, it is not entirely clear whether such a classification is really needed or not. We now investigate the following options to judge its necessity.



Figure 1 Options for mapping between LCHs and grant-free/grant-based resources
● Option 1a: No explicit classification of grant-free/grant-based + LCH mapping 1
(1) In the LCP procedure, UL grant-free transmission is treated in the same way as grant-based.
(2) Both URLLC LCH (with 1st priority) and eMBB LCH (with 2nd priority) are mapped to the grant-based resource.
In this option, we can observe the following properties.
· Due to (1) and (2), both URLLC LCH and eMBB LCH are also mapped to the grant-free resource. Then, it can happen that one UE transmits URLLC data while another UE transmits eMBB data on the same grant-free resource, where it results in collision. We think that such a collision between URLLC and eMBB is not an intended behavior of grant-free.
· Due to (2), the resource utilization efficiency can be relatively increased. In other words, the remaining resource after allocating URLLC data can be used for eMBB data.

● Option 1b: No explicit classification of grant-free/grant-based + LCH mapping 2
(1) In the LCP procedure, UL grant-free transmission is treated in the same way as grant-based.
(2) Only URLLC LCH is mapped to the grant-based resource.
In this option, we can observe the following properties.
· Due to (1) and (2), only URLLC LCH is mapped to the grant-free resource. Then, the collision between URLLC and eMBB on the same grant-free resource can be avoided.
· Due to (2), the resource utilization efficiency can be relatively decreased. In other words, the remaining resource after allocating URLLC data cannot be used anymore. Note that eMBB data in this option can be served in separate resources, for instance, different BWP or carrier.

● Option 2: Explicit classification of grant-free/grant-based
(1) In the LCP procedure, UL grant-free transmission is differently treated from grant-based.
(2) Both URLLC LCH (with 1st priority) and eMBB LCH (with 2nd priority) are mapped to the grant-based resource.
(3) Only URLLC LCH is mapped to the grant-free resource.
In this option, we can observe the following properties.
· Due to (1) and (3), only URLLC LCH is mapped to the grant-free resource. Then, the collision between URLLC and eMBB on the same grant-free resource can be avoided.
· Due to (2), the resource utilization efficiency on the grant-based resource can be relatively increased. On the other hand, due to (3), the resource utilization efficiency on the grant-free resource can be relatively decreased.
The pros and cons of these options are summarized in Table 1.
Table 1 Comparison of options for LCH-level load management
	
	Option 1a
	Option 1b
	Option 2

	Impact on LCP
	No (+)
	No (+)
	Yes (–)

	Collision between URLLC and eMBB
	Yes (–)
	No (+)
	No (+)

	Resource utilization
	High (+)
	Low (–)
	Middle



Observation 2: The purpose of UL grant-free transmission is mainly for achieving the performance requirements of URLLC. Accordingly, the LCH-level load management should avoid the unnecessary collision between URLLC and other traffic (e.g., eMBB).
Observation 3: For the LCH-level load management, we can consider the following two methods.
· No explicit classification of grant-free/grant-based: Each of URLLC and eMBB LCHs are mapped to separate resources (e.g., BWPs with different subcarrier spacing). Then, URLLC is supported by UL grant-free transmission on its dedicated resource.
· Explicit classification of grant-free/grant-based: During the LCP procedure, it is identified whether a given resource is for grant-free or grant-based. Then, URLLC LCH is mapped to the grant-free resource while both URLLC and eMBB LCHs are mapped to the grant-based resource.

Based on the comparison in Table 1, we share our view on this issue.
· The collision between URLLC and eMBB on the same grant-free resource should be avoided, which is aligned with the original intention of UL grant-free transmission. Hence, Option 1a is not preferred.
· Options 1b and 2 are useful to avoid the collision observed in Option 1. Among them, Option 1b has no impact on specification while Option 2 needs an additional operation depending on whether a given resource is for grant-free or grant-based, regardless of its complexity. In this context, Option 1b is preferred if we consider the limited timeline for NR specification.
· In Option 1b, each of URLLC and eMBB is served in a separate resource (e.g., BWP or carrier) so that its resource utilization efficiency can be lower than Option 2. However, depending on the collision probability, a gNB can adjust the resource allocation for grant-free. In other words, if the load is low, the grant-free (and grant-based) resource is shared by both URLLC and eMBB (i.e., Option 1a). On this other hand, if the load is high, the grant-free (and grant-based) resource is dedicated to URLLC. By doing so, we can compensate for the resource utilization efficiency in Option 1b.

Observation 4: Although a higher resource utilization efficiency is expected in case of the explicit classification of grant-free/grant-based, this method is required to specify an additional indicator to distinguish the grant-free resource from the grant-based resource.
Proposal: RAN2 is required to support UL grant-free transmission with no explicit classification of grant-free/grant-based during LCP.
3 Conclusions
Observation 1: If the resource for UL grant-free transmission is shared among multiple UEs, the data from them can be collided. To avoid this situation, the load on the grant-free resource should be kept low.
Observation 2: The purpose of UL grant-free transmission is mainly for achieving the performance requirements of URLLC. Accordingly, the LCH-level load management should avoid the unnecessary collision between URLLC and other traffic (e.g., eMBB).
Observation 3: For the LCH-level load management, we can consider the following two methods.
· No explicit classification of grant-free/grant-based: Each of URLLC and eMBB LCHs are mapped to separate resources (e.g., BWPs with different subcarrier spacing). Then, URLLC is supported by UL grant-free transmission on its dedicated resource.
· Explicit classification of grant-free/grant-based: During the LCP procedure, it is identified whether a given resource is for grant-free or grant-based. Then, URLLC LCH is mapped to the grant-free resource while both URLLC and eMBB LCHs are mapped to the grant-based resource.
Observation 4: Although a higher resource utilization efficiency is expected in case of the explicit classification of grant-free/grant-based, this method is required to specify an additional indicator to distinguish the grant-free resource from the grant-based resource.
Proposal: RAN2 is required to support UL grant-free transmission with no explicit classification of grant-free/grant-based during LCP.
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