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1. Introduction 
A new SI on NR Industrial Internet of Things (iIoT)[2] has been approved with some of the objectives relating to UL intra-UE prioritization/multiplexing as follows:

1) L2/L3 enhancements:

b) UL/DL intra-UE prioritization/multiplexing, i.e. prioritization (for example dropping, delaying or puncturing lower priority service) between different categories of traffic in the UE, including both data and control channels and considering (RAN2/RAN1):

i) Different latency and reliability requirements

ii) Different types of resource allocation for example grant-free and grant-based allocations

Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.

Based on progress at RAN2#104, RAN2 identified at least the following scenarios for further study (at RAN2#104):

· Scenario 1: Intra-UE DL Prioritization

· Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant

· Scenario 3: Intra-UE UL Prioritization – Resource Conflict between Dynamic Grants
· Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel
· Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel
In addition, there has been an email discussion of “[104#39][NR/IIOT] Intra UE prioritization UL Control Data” after RAN2#104 where summary and text proposals (TP) were provided at the end.
We have concerns about the following highlighted part of the revised TP for Issue#1 (TP at the time of submitting this tdoc):

For resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic, the current specifications of Rel-15 refrains transmission of SR by always prioritizing UL-SCH, which may cause a delay for the SR transmission and may ultimately result in failure to meet the QoS requirement of high-priority traffic. Possible solutions include to define a prioritization handling rule to determine whether to transmit SR or PUSCH based on the priority of the LCH which triggers the SR and priorities of the data to be transmitted on the PUSCH resource. 
So in this contribution we elaborate more about the problem/issue and provide some possible solutions. 
2.  Scenario 5: Intra-UE UL Prioritization: Control vs Data channel
This scenario relates to prioritisation and multiplexing operation in case there is a collision between data and control transmissions. We believe most of these collisions can be handled by L1 mechanisms as discussed in our RAN1 tdoc [4]. However, we discuss a few cases that are related to how the L2 prioritisation and multiplexing operation are handled.

SR PUCCH for URLLC and PUSCH for eMBB: In Rel-15, as specified in TS 38.321 (section 5.4.4), if there is collision of SR and PUSCH transmissions, the PUSCH is prioritised for transmission in the MAC layer. However, in the current discussion if SR for URLLC and PUSCH for eMBB, it is argued to prioritise SR for transmission mainly for two reasons:

a) If SR for URLLC is multiplexed with eMBB, there will be a significant delays for the SR as eMBB may have a slot-wide duration in time.
b) If SR for URLLC is multiplexed with eMBB, there will be a reliability issue as eMBB is less reliable in terms channel coding scheme.

Our view is that the above two issues depend on how the L2 prioritisation and multiplexing operation are handled at the MAC layer. We describe the following approach to circumvent the above two issues:
The URLLC traffic must be delivered within a certain window, in our view this window is the periodicity of the URLLC traffic (i.e. configured grant periodicity). In addition, slot is the main scheduling unit in NR, so if the periodicity of CG is equal or larger than an slot duration, the UE should multiplex the URLLC traffic that is sitting in its buffer into the DG PUSCH, where the URLLC traffic has priority over eMBB traffic during the Logical Channel Prioritization operation, and use the low spectral efficiency MCS table to provide the required reliability (note that if UE changes its MCS table autonomously it can inform gNB using similar to L1 mechanism of UCI multiplexing on the same PUSCH transmission). In that case, as there is no latency issue, it is not needed to transmit SR as URLLC data can be transmitted in DG. Note that the BSR if any for eMBB however can be included in the current PUSCH transmission.

However, if the periodicity of CG and SR is less than an slot duration (i.e. slot on a BWP where collision occurs), it implies that the time window to be delivered the URLLC traffic is less than the maximum scheduling duration of NR (i.e. slot). Hence from the latency perspective the URLLC traffic cannot be multiplexed into the DG PUSCH with slot-wide duration, in this case SR could be transmitted/prioritised but we think the periodicity of CG is already very short (e.g. 2 OS) and the URLLC data can be transmitted in the next CG occasion, hence, there is no need to transmit SR. This assumes that there is a CG configuration available in the BWP which is part of the solution.

If we can have the above solutions, from resource efficiency and latency perspective, it does not make sense to drop a large number of resources and just transmit an SR to request a new resource that gNB will grant later in time, while UE has already resources to transmit the current urgent data sitting in its buffer.
Observation 1: From resource efficiency and latency perspective, it does not make sense to drop a large number of resources and just transmit an SR to request a new resource that gNB will grant later in time, while UE has already resources to transmit the current urgent data sitting in its buffer.

Proposal 1: Assuming that there is a CG configuration available in the BWP, if the PUSCH scheduled for eMBB traffic collides with SR for URLLC 
· if the periodicity of CG is equal or larger than an slot duration, then transmit URLLC data on the PUSCH where BSR if any for eMBB is included
· else if the periodicity of CG is less than an slot duration, then transmit URLLC data on the next CG occasion.
MAC CEs/SRBs and URLLC data: 
TS 38.321 contains: Logical channels shall be prioritised 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.

As captured above, MAC TB is constructed based on the size of uplink grant and by taking LCP into account and starting to fill the MAC TB with the data from a queue having highest LCP. The Signalling Radio Bearers (SRBs) carrying RRC signalling are filled first as SRBs have highest priority. Some MAC CEs are filled next. Data Radio Bearers (DRBs) are filled as per priority, using PBR and BSD parameters which are selected and configured by the network. Therefore if the MAC CEs/SRBs data consumes most of the TB size, there may not be enough space for a complete iIoT packet and will result segmentation of the data, hence delaying to the next available scheduling opportunity. 
The URLLC traffic would have a very stringent delay and much higher reliability, therefore it should be investigated whether the URLLC traffic should be prioritised over at least some of the Signalling Radio Bearers (SRBs). Note that the current TP from the email discussion captures some solutions for handling the MAC CEs.
Proposal 2: Study further whether the URLLC traffic should be prioritised over at least some of the Signalling Radio Bearers (SRBs).
3.  Conclusions

In this contribution, we have discussed some scenarios of UL Intra-UE prioritization and multiplexing of Control and Data for URLLC/iIoT and we have the following observation and proposals:
Observation 1: From resource efficiency and latency perspective, it does not make sense to drop a large number of resources and just transmit an SR to request a new resource that gNB will grant later in time, while UE has already resources to transmit the current urgent data sitting in its buffer.

Proposal 1: Assuming that there is a CG configuration available in the BWP, if the PUSCH scheduled for eMBB traffic collides with SR for URLLC 

· if the periodicity of CG is equal or larger than an slot duration, then transmit URLLC data on the PUSCH where BSR if any for eMBB is included

· else if the periodicity of CG is less than an slot duration, then transmit URLLC data on the next CG occasion.

Proposal 2: Study further whether the URLLC traffic should be prioritised over at least some of the Signalling Radio Bearers (SRBs).
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