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Introduction
[bookmark: _GoBack]Discussion on the potential issue to handle the prioritization between MAC CEs and URLLC data in uplink has taken place during RAN2#105 meeting, with reference to the email discussion summary [104#39] [1]. However, no consensus was reached on whether such a prioritization is needed and whether a standardized solution is required. This contribution provides some analysis, which concludes that pure network-based solution could result in degradation of radio resource efficiency. Therefore, two candidate solutions are listed for comparison. We have finally concluded that configuring priority for MAC CE(s) would be the best solution from resource efficiency point of view.
	R2-1901439	Report of 104#39 NR IIOT Intra UE prioritization UL Control Data	Huawei, HiSilicon	discussion	Rel-16	FS_NR_IIOT
Noted
(omitted)
P4
- 	Ericsson think that there would always be space for a MAC CE in the grant, and maybe the MAC CE has the highest priority. ZTE think that some MAC CEs like periodic BSR/PHR can be predicted by the network. Xiaomi think this case is not so important. Nokia also have some doubts and would be fine to not address this. Oppo also think the issue is not clear. 
- 	CATT think that network solutions are complex. 
- 	LG think that network impl would involve resource waste, as the network can never fully predict MAC CEs. Lenovo also think that the required over-provisioning is not good. LG and Samsung think this is important. Samsung think 50% of the resource could be wasted. 
- 	Xiaomi think resource efficiency is not in the scope. 
- 	Chair: Could not agree whether to address the potential issue that the higher priority data packet is segmented and delayed due to the transmission of MAC CE


Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Given the fact that some URLLC data in IIoT scenario is small and periodic, the network could allocate periodically occurring UL resources (e.g., configured grants) for URLLC traffics to a UE. 
According to TS 38.321, most of the MAC CEs are with higher priority than any type of data during LCP procedure according to the following order:
	Logical channels shall be prioritized in accordance with the following order (highest priority listed first):
-	C-RNTI MAC CE or data from UL-CCCH;
-	Configured Grant Confirmation MAC CE;
-	MAC CE for BSR, with exception of BSR included for padding;
-	Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;
-	data from any Logical Channel, except data from UL-CCCH;
-	MAC CE for Recommended bit rate query;
-	MAC CE for BSR included for padding.


It is preferred to transmit all available URLLC data on the latest occurring UL resource intended for URLLC traffic (e.g., UL resources associated with low BLER MCS table, short duration in the time domain, etc) in order to minimize the delay. However, some MAC CEs carrying less urgent information could be triggered via certain UE events, e.g., BSR and PHR. It is thus difficult for the network to allocate an UL resource to a UE specifically for the transmission of those event-based MAC CEs. Hence, those MAC CEs may be triggered at a point in time when a UE only has available UL resources intended for URLLC traffics. This case could happen more often if the UL resources for URLLC intended for traffics occur periodically. Based on current specification, there is no restriction to prohibit MAC CE from any UL resource, thus a MAC CE carrying less urgent information could end up competing for the same UL resource as URLLC traffics. Consequently, if the size of the UL resource is not enough to accommodate the URLLC data after being occupied by those MAC CEs, segmentation is performed to the URLLC data, which results in additional delay to URLLC traffics.
Observation 1: Current LCP procedure prioritizes most type of MAC CEs over data from LCHs except UL-CCCH. Hence, if those MAC CEs and URLLC data are competing for the same UL resource, the URLLC data may not be allocated resource after allocating resource to MAC CEs. Consequently, segmentation is required to URLLC data, which causes additional delay.
Even though the abovementioned problem can be left to NW implementation. For instance, NW always allocate extra UL resource, in addition to the URLLC data, such that unexcepted MAC CEs could always be accommodated. However, the sizes of some MAC CEs are non-fixed. For instance, the size of a BSR MAC CE is proportional to the number of LCGs that needs to be reported, and the size of a PHR MAC CE is proportional to the number of serving cells in which power headroom needs to be reported. Hence, the network must always consider the worst case (e.g., largest possible MAC CE size) while allocating UL resources. This could significantly reduce the resource efficiency. Furthermore, a large UL resource could potentially be longer in the time domain, which may as well result in additional delay to URLLC traffics.
Observation 2: A network-based solution significantly reduces the resource efficiency because the network has to allocate extra resource to the UL resource intended for URLLC traffic, in order to accommodate the high priority MAC CE(s).
Based on the observation as mentioned above, it is difficult to resolve, purely by network implementation, the prioritization issue between specific type of MAC CE and URLLC data without a significant negative impact (e.g., significantly reduces resource efficiency, increases delay, etc). Hence, a standardized solution would be beneficial. Two options are listed below for comparison: 
· Option 1: Introducing LCP restriction(s), such that the network could optionally configure LCP restriction(s) for a MAC CE to prohibit the transmission of this MAC CE on certain UL resources, e.g., UL resource intended for URLLC traffics.
· Option 2: Introducing priority to MAC CEs, such that the network could configure priority for MAC CEs. The order during LCP procedure could be based on the priority configured for the MAC CEs and LCHs.
Option 1 has less specification impact because it just extends the LCP restrictions (which has been used by LCHs) to cover MAC CEs. For instance, a MAC CE carrying less urgent information can be configured with LCP restriction(s) to prohibit it from transmitting on UL resource intended for URLLC traffics. However, it implies the MAC CE is not allowed for transmission on this UL resource even if there is no upcoming URLLC data for transmission. Hence, option 1 is not able to effectively resolve the resource efficiency issue, which has been pointed out in observation 2. 
Observation 3: Configuring LCP restriction to MAC CEs cannot effectively resolve the resource efficiency issue, as mentioned in observation 2.

On the other hand, option 2 requires more specification effort than option 1 because the prioritization order of an LCP procedure needs to consider the priority configured for both the MAC CE(s) and LCH(s). Nevertheless, with option 2, even if an LCH (e.g., configured for URLLC services) has higher priority than a MAC CE (e.g., a MAC CE carrying less urgent information), the MAC CE can still be transmitted if UL resource remains after allocation to the LCH(s). Hence, we think option 2 is a better candidate from resource efficiency point of view.
Proposal: Suggest RAN2 to introduce priority to MAC CEs to handle the prioritization between MAC CEs and URLLC data.
Conclusion
In this contribution, we have the following observations.
Observation 1: Current LCP procedure prioritizes most type of MAC CEs over data from LCHs except UL-CCCH. Hence, if those MAC CEs and URLLC data are competing for the same UL resource, the URLLC data may not be allocated resource after allocating resource to MAC CEs. Consequently, segmentation is required to URLLC data, which causes additional delay.
Observation 2: A network-based solution significantly reduces the resource efficiency because the network has to allocate extra resource to the UL resource intended for URLLC traffic, in order to accommodate the high priority MAC CE(s).
Observation 3: Configuring LCP restriction to MAC CEs cannot effectively resolve the resource efficiency issue as mentioned in observation 2.
Based on the observations, we propose: 
Proposal: Suggest RAN2 to introduce priority to MAC CEs to handle the prioritization between MAC CEs and URLLC data.
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