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Introduction

In NRIIOT, the following cases in general have already been taken into account for intra-UE multiplexing issue :

The collision between data and data transmission

The collision between data/control signaling  and control signaling transmission
However, there is one case that is not included in above issues, the multiplexing of MAC CE and URLLC data in one UL grant transmission. Since lots of URLLC transmission in NRIIOT are small data transmission with stringent delay requirement, for saving the resource consumption in URLLC scheduling, NW may schedule a certain TB size UL grant to UE based on the QoS requirement .. However, in the current release, a few triggered MAC CE are always prior to the data (i.e PHR MAC CE, BSR MAC CE), thus in LCP procedure,  these MAC CE will be firstly composed into MAC PDU, once the resources is not enough for URLLC data transmission  the RLC segmentation of URLLC RLC PDU is occurred so that the delay requirement maynot be guaranteed., Thus as a first step, this contribution is to share our views on how to multiplex URLLC data and BSR MAC CE in one UL grant in order toensure the URLLC data transmission.
Discussions
In the current release, the BSR MAC CE can reach 11 bytes at most (9 byte for the payload, 2 bytes for the subheader). However, the packet size for different TSN service are defined in 38.825

Table 6.3.1-1 Use cases and requirements considered for TSN requirements evaluation

	Case
	#UE
	Communications service availability
	Transmit period
	Allowed E2E latency
	Survival time
	Packet size
	Service area
	Traffic periodicity
	Use case

	I
	20
	99,9999% to 99,999999%
	0.5 ms
	≤ Transmit period
	Transmit period
	50 bytes
	15 m x 15 m x 3 m
	Periodic
	Motion control and control-to-control use cases

	II
	50
	99,9999% to 99,999999%
	1 ms
	≤ Transmit period
	Transmit period
	40 bytes
	10 m x 5 m x 3 m
	Periodic
	Motion control and control-to-control use cases

	III
	100
	99,9999% to 99,999999%
	2 ms
	≤ Transmit period
	Transmit period
	20 bytes
	100 m x 100 m x 30 m
	Periodic
	Motion control and control-to-control use cases


It can be seen that the packet size in motion control is only 20 bytes, which means the longest BSR MAC CE is almost half of packet size for this TSN service. If the UL grant is originally prepared for transmission of such packet, once a regular BSR is triggered,  this packet may be segmented because of this BSR MAC CE. Which may cause the delay of this packet.

Observation 1: In case that TSN service with a small packet size transmission, BSR MAC CE may force RLC segmentation of URLLC packets, which may cause the unnecessary delay .
Therefore, a few companies give out their suggestions to avoid such unpredictable segmentation [1][2][3]. All of these contributions would to enhance the current LCP procedure to prevent the MAC CE  from URLLC data transmission. For example , change the priority order between BSR MAC CE/PHR MAC CE and URLLC data transmission or directly exclude the BSR MAC CE/PHR MAC CE from URLLC data transmission. 

However, for URLLC, if we simply exclude the BSR MAC CE out of URLLC data transmission or deprioritize the BSR MAC CE below URLLC data transmission, the BSR MAC CE would not send to NW in time. This will degrade the grant efficiency from NW side.  For example:
due to the jet lag on internet or NG-U interface,  the data packet buffered in the LCG for URLLC is larger than normal case. In such case, without the knowledge of buffer status on UE side for the URLLC services, the NW has to schedule the resource multiple times blindly. If the BS information can be included in the transmission, then the NW can determine the resource accordingly to drain the buffer in the second scheduling.

Observation 2: The buffer status for the LCG of URLLC services is helpful for the scheduling of URLLC data packet. If we simply high prioritize the URLLC data to all the BSR, the transmission of URLLC data packet may be delayed due to insufficient grant.

In addition, for the case that the grant can drain the buffer of LCG of URLLC services, the BSR for the URLLC LCG will not be generated thus will not occupy any grant. For the case that the grant can not drain the buffer of URLLC LCG, a following scheduling is needed anyway, and with the BSR of the URLLC LCG, the following scheduling can be provided more precisely.

Observation 3: Since the buffer status for the LCG of URLLC services will only be generated in case the buffer status is not empty after the transmission, high prioritize the  buffer status for the LCG of URLLC services will not lead to any negative impact.

According to above analysis, the BSR MAC CE would lead the URLLC data transmission delay but it is still benefit for NW scheduling for URLLC service. Thus we would like to shorten the legacy BSR MAC CE in order to reduce the negative impact on URLLC data transmission. So that we think the LCG for normal cases is not important in a transmission of URLLC data , thus  we propose that: 
Proposal 1: Only the buffer status information for the LCG of URLLC services shall be high prioritized in the URLLC data transmission (i.e. the URLLC data packets have lower priority than the buffer status for the LCG of URLLC services, but have higher priority than the buffer status of LCG for normal services).
Conclusion 

Observation 1: In case that TSN service with a small packet size transmission, BSR MAC CE may force RLC segmentation of URLLC packets, which may cause the unnecessary delay .
Observation 2: The buffer status for the LCG of URLLC services is helpful for the scheduling of URLLC data packet. If we simply high prioritize the URLLC data to all the BSR, the transmission of URLLC data packet may be delayed due to insufficient grant.

Observation 3: Since the buffer status for the LCG of URLLC services will only be generated in case the buffer status is not empty after the transmission, high prioritize the  buffer status for the LCG of URLLC services will not lead to any negative impact.

Proposal 1: Only the buffer status information for the LCG of URLLC services shall be high prioritized in the URLLC data transmission (i.e. the URLLC data packets have lower priority than the buffer status for the LCG of URLLC services, but have higher priority than the LCG for normal services).
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