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1 Introduction

The IIOT WID includes intra-UE prioritization/multiplexing between data and control as follows:
	The detailed objectives for NR intra-UE prioritization/multiplexing are:
· Specify enhancements to address resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs [RAN2, RAN1].

· Specify PUSCH grant prioritization based on LCH priorities and LCP restrictions for the cases where MAC prioritizes the grant [RAN2].

· Address UL data/control and control/control resource collision by:

· specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].

· specifying prioritization and/or multiplexing behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].


During IIOT SI, the prioritization between MAC CE and URLLC data was discussed but not concluded. This contribution discusses this issue.
2 Discussion
In Rel-15 MAC specification [1], BSR and PHR are always prioritized over data from logical channels regardless of the service type. Also, those MAC CEs can be accommodated by any uplink MAC PDU. This means URLLC resource may include BSR and PHR instead of the URLLC data. If the size of the URLLC resource is almost the same as the expected data size plus MAC subheader, the whole URLLC data cannot be transferred at one time. It should be segmented and transferred later. We can call it as “unnecessary segmentation” which causes the additional delay. Figure 1 shows the unnecessary segmentation.
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Figure 1. Unnecessary Segmentation of URLLC Data due to MAC CE of higher priority
To avoid this unnecessary segmentation, gNB implementation could allocate sufficient resource to accommodate those MAC CEs together with URLLC data. But we need to check how much the resource efficiency is degraded. It depends on sizes of data and MAC CEs. 

In NR, long BSR whose size can be up to 11 bytes (2B header + 9B Long BSR). We understand that NR IIOT should not exclude the scenario that multiple IIOT services/traffic flows are served together with eMBB data. It is likely to configure multiple logical channel groups in order to receive the BSR of finer granularity for better scheduling in the network side. So, we can say roughly 10 bytes should be reserved for BSR. The size of PHR can be up to 70 bytes theoretically considering dual connectivity and carrier aggregation with 32 Cells although it may not be a practical case. Anyway, it seems natural to assume around 10 to 20 bytes, considering some SCells. 

In TR 22.804, the target data size of periodic IIOT traffic is considered small from 20 bytes although some application assumes very large size. Also, RAN2 is considering Ethernet header compression for further size minimization. Considering these, it is reasonable to consider small data size less than 100 bytes.

	Data size (+ subheader)
(bytes)
	Reserved Resource 
for MAC CEs
(bytes)
	Total Reserved Resource
(bytes)
	Data / (MAC CE(s) + Data)

	
	
	
	

	22
	10
	32
	0.6875

	22
	20
	42
	0.523809524

	22
	30
	52
	0.423076923

	32
	10
	42
	0.761904762

	32
	20
	52
	0.615384615

	32
	30
	62
	0.516129032

	52
	10
	62
	0.838709677

	52
	20
	72
	0.722222222

	52
	30
	82
	0.634146341

	102
	10
	112
	0.910714286

	102
	20
	122
	0.836065574

	102
	30
	132
	0.772727273


Table 1. Data Inefficiency due to resource reservation for MAC CE(s) 
Table 1 shows the ratio of data part assuming that gNB allocates sufficient amount of resources for URLLC plus unexpected MAC CEs with MAC subheaders. From the analysis, we see that the ratio of the URLLC data and its subheader could drop severely to 42~50% for smaller data case. Even for 102 bytes data, at least 10 percent of padding is unnecessarily expected. 
Observation 1. If gNB avoids the unnecessary segmentation of small URLLC data, additional resource up to 10~60% of total MAC PDU should be allocated.
Another question is whether PHR should be always high priority than URLLC data. But we see that PHR does not have such stringent requirement on delay and reliability as IIOT/URLLC. Even though PHR is important to connection, it does not need to use IIOT/URLLC resource.
We can consider the following options:
· Option 1: Logical channel restriction for MAC CE 

· MAC CE cannot be included for some resource, e.g. configured grant for URLLC. Then URLLC data can use the resource exclusively.
· Option 2: Give priority to MAC CE.
·  MAC CE can have its own priority. UE can compare the priorities of data and MAC CE(s) to decide which one is included in the MAC PDU.
· Option 3: Enhancement of BSR cancellation
· For example, when all the URLLC data can be included in the MAC PDU, a BSR triggered by the URLLC data can be cancelled. Then, the unnecessary segmentation will be avoided.

· Option 4: New priority for URLLC logical channel.
· URLLC logical channel can be introduce with higher priority than MAC CE. 
Proposal 1. MAC specification supports a standardized solution to avoid the unnecessary segmentation due to priority of MAC CE over data.

Proposal 2. RAN2 considers the following options:

· Option 1: Logical channel restriction for MAC CE
· Option 2: Give priority to MAC CE
· Option 3: Enhance BSR cancellation
· Option 4: New priority for URLLC logical channel.
3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposals:
Proposal 1. MAC specification supports a standardized solution to avoid the unnecessary segmentation due to priority of MAC CE over data.

Proposal 2. RAN2 considers the following options:

· Option 1: Logical channel restriction for MAC CE
· Option 2: Give priority to MAC CE
· Option 3: Enhance BSR cancellation
· Option 4: New priority for URLLC logical channel.
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