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In RAN 80, a SID on NR industrial IoT was approved. New scenario and tighter requirement were defined. Correspondingly, some potential enhancements were captured in SID, as shown in the following [1]:
L2/L3 enhancements 
· Data duplication enhancements, including:
· Higher layer multi-connectivity (RAN2). Note: RAN2 work and detailed objectives for data duplication enhancements to be refined in RAN#81
· UL/DL intra-UE prioritization/multiplexing (higher layer aspects) (RAN2): Note: RAN2 work and detailed objectives for data duplication enhancements to be refined in RAN#81
Time Sensitive Networking (RAN2/RAN3) with the following study areas:
· Accurate reference timing: Delivery & related process (Proposals include: SIB delivery or RRC delivery to UEs, Multiple Transmission points …)
· Scheduling enhancements / traffic patterns / QoS for wireless Ethernet, Enhancements to support of cyclic traffic
· Ethernet header compression (with defining new ROHC Profile). Note. RAN2 work and detailed objectives for header compression to be refined in RAN#81

The following items have been identified to have relationship URLLC but are covered in other study items:
· Multi-TRP transmission
· Mobility improvements for higher reliability
· Beam Management
Although UL intra UE Tx prioritization and multiplexing is led by RAN2, it still relates with RAN1, even impacts physical channel design and UE capability. So in this contribution, we shall focus on UL intra UE Tx prioritization and multiplexing.
SR transmission
To reduce uplink transmission latency, short-periodicity SR and multiple SR configurations were specified in Rel15. However, when shorter-periodicity SR collides with long uplink channel, decoding time of SR lengthens due to shorter-periodicity SR is multiplexed in long uplink channel.
One case is collision between SR and long PUSCH, as shown in Figure 1. When SR is triggered by URLLC prior to MAC PDU transmission, the SR will be cancelled and BSR for URLLC will be included in long PUSCH, then decoding time of SR will be lengthened, even cannot meet URLLC delay requirement. Therefore, when SR triggered by URLLC collides with long PUSCH, SR triggered by URLLC should be transmitted independently. For example, only short-periodicity SR is transmitted if SR is positive or both short-periodicity SR and PUSCH are transmitted simultaneously when SR triggered by URLLC collides with long PUSCH.
[image: ]
Figure 1 Collision between SR and long PUSCH
Another case is collision between SR and long PUCCH. In Rel-15, an ongoing uplink channel cannot be stopped. If the same principle is used in Rel-16 URLLC, the latency of SR for URLLC will be not acceptable. One example is shown in Figure 2, when URLLC data is arriving during the transmission time of a 14-symbol PUCCH, if SR cannot be transmitted until the end of the long PUCCH, only the SR latency will be close to 1ms.


Figure 2: Large transmission latency of SR
In order to satisfy the latency requirement of URLLC, SR should be transmitted with a higher priority when SR triggered by URLLC overlaps with a long PUCCH. For example, short-periodicity SR is independently transmitted if SR is positive when SR triggered by URLLC collides with long PUCCH. The overlapped long PUCCH can be stopped or transmitted simultaneously.
Proposal 1: When SR triggered by URLLC collides with long PUSCH/PUCCH, only SR is transmitted if SR is positive or both SR and long PUSCH/PUCCH are transmitted simultaneously.
HARQ-ACK transmission
Since both the requirements of latency and reliability are different for URLLC and eMBB. Independent transmission of HARQ-ACK bits corresponding to URLLC and eMBB can be identified as beneficial. And HARQ-ACK corresponding to URLLC should have higher priority than HARQ-ACK corresponding to eMBB. However, how to determine the HARQ-ACK bits refer to URLLC or eMBB is an essential issue.  DCI format, new RNTI and direct identification of URLLC services can be considered to distinguish the transmission for URLLC [2].
Proposal 2: HARQ-ACK corresponding to URLLC and eMBB should be independently transmitted, and HARQ-ACK corresponding to URLLC has higher priority.
Multiple PUSCHs transmission
In uplink transmission, grant-based and grant-free transmissions were specified in NR. Grant-free resource is configured semi-statically and used dynamically. In some cases, utilization of grant-free resource is not predicted. So grant-based resource, which is scheduled by eNB dynamically, may collide with grant-free resource in time domain, even in frequency domain. In Rel15, grant-based transmission prioritizes grant-free transmission. However, grant-free resource may be configured for URLLC and grant-based resource may be longer duration, which is not suitable for URLLC. So grant-based transmission does not always prioritize grant-free transmission and it’s better to choose resource according to traffic requirement and PUSCH preparation time.
Proposal 3: Grant-based transmission does not always prioritize grant-free transmission and it’s better to choose resource according to traffic requirement and PUSCH preparation time.
In addition, multiple grant-based resources, which are overlapped in time domain, may be scheduled for eMBB and URLLC transmission separately. For example, when eMBB is transmitted, URLLC traffic arrives. Then URLLC can be scheduled during eMBB transmission to reduce latency. In this case, Resource scheduled by latest UL grant has higher priority due to latest schedule is decided by eNB to tradeoff collision issues and transmission priority.
Proposal 4: Resource scheduled by latest UL grant is higher priority.
Overall, multiple PUSCH transmission combination and priority rule is summarized in Table 1.
Table 1 Uplink channel combinations
	
	Grant based
	Grant free

	Grant based 
	Latest UL grant with higher priority
	If periodicity of grant free resource is shorter than duration of grant based resource, UE can use grant free resource, otherwise, UE can only use grant based resource.

	Grant free 
	If periodicity of grant free resource is shorter than duration of grant based resource, UE can use grant free resource, otherwise, UE can only use grant based resource.
	Not support



Conclusions
In this contribution, we show our views on collision issues for low-latency uplink transmission with following proposals:
Proposal 1: When SR triggered by URLLC collides with long PUSCH/PUCCH, only SR is transmitted if SR is positive or both SR and long PUSCH/PUCCH are transmitted simultaneously.
Proposal 2: HARQ-ACK corresponding to URLLC and eMBB should be independently transmitted, and HARQ-ACK corresponding to URLLC has higher priority.
Proposal 3: Grant-based transmission does not always prioritize grant-free transmission and it’s better to choose resource according to traffic requirement and PUSCH preparation time.
Proposal 4: Resource scheduled by latest UL grant is higher priority.
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