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1 Introduction
In the RAN2 NR AH #2 meeting, we discussed various aspects of LCP and made the following agreements [1].
	Agreements
· At least numerology and TTI length are included/taken into account for restriction for LCP.
· FFS is any other parameters need to be considered for LCP
· FFS how LCP is modeled
· FFS how the UE processes multiple UL grants and what parameters need to be visible to the MAC



In order to further discuss the remaining issues on LCP, we performed the e-mail discussion [NR-AH2#15]. Especially, it was suggested that whether a given UL resource is 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 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 discuss this issue, RAN2 should clarify the ongoing RAN1 discussion on UL grant-free transmission. Accordingly, we will investigate the followings in this contribution.
· Review of the RAN1 agreements on UL grant-free transmission
· How to deal with UL grant-free transmission from the LCP perspective
2 Discussion
In NR, UL grant-free transmission is identified as a promising solution to meet the latency and reliability requirements for URLLC services [3]. The merits of this scheme mainly come from the fact that a UE can avoid the time required for handling SR and UL grant. One key aspect of UL grant-free transmission is that the time/frequency resource for this scheme can be shared among more than one UE. The related RAN1 agreements are captured as follows [4].
	Agreements
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users
· FFS: resource configuration details
· FFS: other details of design



By allowing multiple UEs to perform UL grant-free transmission on the same resource, the UL resource for this scheme can be allocated frequently without much decrease in the resource utilization efficiency. It should be noted that a gNB can identify the UEs who transmit without UL grant by time/frequency resources and RS parameters (i.e., UE-specific DM-RS configuration). The related RAN1 agreements are captured as follows [5].
	Agreements
· In addition to the RS parameters, time and frequency resource are configured in a UE-specific manner.
· Note: it is common understanding that the time and frequency resources configured for a UE may or may not collide with those for another UE (to be captured in the LS).
· WA: both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
· NR supports more than 1 HARQ process for UL transmission without grant.
Agreements
· RAN1 considers that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s).



Observation 1: According to the RAN1 agreements, the resource for UL grant-free transmission can be shared among more than one UE. In addition, the gNB can identify the UEs who transmit without UL grant by time/frequency resources and RS parameters.

Although the UEs who perform UL grant-free transmission on the same resource can be distinguished by the gNB, it is possible that the data (i.e., PUSCH) from them are collided so that the gNB fails to successfully decode the data. This probability of collision is highly related to (a) the number of UEs who are allocated to the same resource and (b) how frequently they perform transmission on the allocated resource, where (a) and (b) can be seen as a “load”. As a result, the load should be maintained at an acceptable level to achieve the latency and reliability requirements for URLLC services. Otherwise, the high probability of collision can increase latency and decrease reliability, where these results are opposite to the original intention of UL grant-free transmission.
Observation 2: Although the UEs who perform UL grant-free transmission are distinguishable, the data (i.e., PUSCH) from them can be collided and therefore cannot be decoded. To avoid this situation, the load on the resource for UL grant-free transmission should be kept low.

The main reason why LCP, in particular, LCH restriction/applicability, is needed to consider whether a given UL resource is grant-free or grant-based is to control the load (and the consequent collision probability) at an “LCH” level. The LCH-level load management can be generally performed as follows.
LCH-level load management
· Step 1: a UE is configured with a set of LCHs that can be transmitted on the resource for UL grant-free transmission.
· Step 2: a gNB semi-statically or dynamically indicates whether the assigned UL resource is grant-free or not.
· Step 3: if the UE is allocated to the resource for UL grant-free transmission, it performs LCP based on the LCHs configured in Step 1.
· By the LCH configuration in Step 1, the gNB can control the load (i.e., the transmission attempts or the amount of transmitted traffic) on the resource for UL grant-free transmission.

In order to determine whether the LCH-level load management is needed to be specified or not, RAN2 should understand the RAN1 agreements on the types of UL grant-free transmission, which are captured as follows [5].
	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
· For UL data transmission without grant, type 1 and type 2 have already been agreed, FFS type 3.



According to the agreements above, Type 1 and Type 3 do not use the L1 signaling to activate/deactivate UL grant-free transmission so that whether to transmit or not solely depends on RRC (re)configuration, if UL data exists. On the other hand, Type 2 uses the L1 signaling to activate/deactivate UL grant-free transmission. Since both RRC (re)configuration and L1 signaling are UE-specific, it is true that the UE-level load management was already supported. This operation is generally described as follows.
UE-level load management
· Step 1: there exists no specific configuration of a set of LCHs to which UL grant-free transmission can be applied.
· Step 2: a gNB assigns (and activates) a UE the resource for UL grant-free transmission.
· Step 3: when the UE is able to use this resource, it performs LCP as usual (i.e., no special treatment for grant-free).
· By the RRC (re)configuration and the activation/deactivation in Step 2, the gNB can control the load on the resource for UL grant-free transmission.
Observation 3: According to the RAN1 agreements and the RAN2 e-mail discussion, we identify two methods for controlling the load on the resource for UL grant-free transmission.
· UE-level load management: The UE is allowed (or not allowed) to perform UL grant-free transmission by RRC (re)configuration and L1 signaling for activation/deactivation.
· LCH-level load management: During LCP, a specific LCH of the UE is allowed (or not allowed) to be transmitted on the resource for UL grant-free transmission. It is used on top of the UE-level load management.

As a result, if the LCH-level load management is adopted, it should be performed on top of the UE-level load management. In this situation, we compare these two methods as shown in Table 1.
Table 1 Comparison of UE-level and LCH-level load managements
	
	UE-level load management
(baseline UL grant-free operations
agreed in RAN1)
	LCH-level load management
(on top of UE-level load management)

	Purpose
	Control the load of the resource for UL grant-free transmission

	Granularity
	Per UE (less sophisticated)
	Per LCH (more sophisticated)

	gNB configuration
	 RRC (re)configuration
 L1 signaling for (de)activation
	 RRC (re)configuration
 L1 signaling for (de)activation
 LCP (i.e., LCH restriction)

	UE operation
	No special LCP operation for grant-free
	Perform LCP only for the LCHs configured with grant-free



In short, the LCH-level load management that is performed on top of the UE-level load management can control the load of the resource for UL grant-free transmission in a more sophisticated manner. However, it increases the complexity of the gNB configuration and the UE operation due to the special operation in LCP. In this context, we have the following observation and proposal.
Observation 4: The LCH-level load management can control the load of the resource for grant-free transmission in a more sophisticated manner. However, it increases the complexity due to the special LCP operation.
Proposal 1: RAN2 is required to discuss the necessity of considering UL grant-free transmission for LCP (i.e., LCH restriction) based on the observations identified in this contribution.
3 Conclusions
Observation 1: According to the RAN1 agreements, the resource for UL grant-free transmission can be shared among more than one UE. In addition, the gNB can identify the UEs who transmit without UL grant by time/frequency resources and RS parameters.
Observation 2: Although the UEs who perform UL grant-free transmission are distinguishable, the data (i.e., PUSCH) from them can be collided and therefore cannot be decoded. To avoid this situation, the load on the resource for UL grant-free transmission should be kept low.
Observation 3: According to the RAN1 agreements and the RAN2 e-mail discussion, we identify two methods for controlling the load on the resource for UL grant-free transmission.
· UE-level load management: The UE is allowed (or not allowed) to perform UL grant-free transmission by RRC (re)configuration and L1 signaling for activation/deactivation.
· LCH-level load management: During LCP, a specific LCH of the UE is allowed (or not allowed) to be transmitted on the resource for UL grant-free transmission. It is used on top of the UE-level load management.
Observation 4: The LCH-level load management can control the load of the resource for grant-free transmission in a more sophisticated manner. However, it increases the complexity due to the special LCP operation.
Proposal 1: RAN2 is required to discuss the necessity of considering UL grant-free transmission for LCP (i.e., LCH restriction) based on the observations identified in this contribution.
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