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Introduction
In RAN#81 the revised study item on NR Industrial Internet of Things (NR-IIoT, [1]) has been approved. The area of “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)” is a part of the SI.  During the email discussion[103bis#41], the scenarios and division of work between RAN1 and RAN2 have been discussed. In this contribution, we focus on scenario 5, resource conflict between control channel and data channel. In particular, we discuss the overlapping between SR and UL-SCH. The discussion on the multiplexing between other UCIs and UL-SCH are to be studied in RAN1 first. 
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Here we discuss a scenario on a faster indication from UE to gNB about an arrival of URLLC traffic while there is an ongoing long UL-SCH transmission for eMBB traffic, i.e., the UL-SCH resources do not meet the LCP mapping restrictions for URLLC traffic. 

A regular BSR is triggered for URLLC traffic. In addition to that, SR is also triggered since the UL-SCH resources do not meet the LCP mapping restrictions, according to clause 5.4.5 of TR 38.321.  Note that, the below green highlighted text does not start with “else if”. Even though a BSR MAC CE can be generated, a scheduling request is still triggered due to LCP mapping restriction. 
	The MAC entity shall:
1>  if the Buffer Status reporting procedure determines that at least one BSR has been triggered and not cancelled:
2>  if UL-SCH resources are available for a new transmission:
3>  instruct the Multiplexing and Assembly procedure to generate the BSR MAC CE(s);
3>  start or restart periodicBSR-Timer except when all the generated BSRs are long or short Truncated BSRs;
3>  start or restart retxBSR-Timer.
2>  if a Regular BSR has been triggered and logicalChannelSR-DelayTimer is not running:
3>  if there is no UL-SCH resource available for a new transmission; or
3>  if the MAC entity is configured with configured uplink grant(s) and the Regular BSR was not triggered for a logical channel for which logical channel SR masking (logicalChannelSR-Mask) is setup by upper layers; or
3>  if the UL-SCH resources available for a new transmission do not meet the LCP mapping restrictions (see subclause 5.4.3.1) configured for the logical channel(s) that triggered the BSR(s):
4>  trigger a Scheduling Request.



However, the triggered scheduling request might not be sent if the allocated PUCCH resource overlaps an ongoing UL-SCH transmission. As stated in clause 5.4.4 of 38.321, one of the conditions to instruct the physical layer to signal the SR on one valid PUCCH resource for SR is that the PUCCH resource for the SR transmission occasion does not overlap with a UL-SCH resource. 
	As long as at least one SR is pending, the MAC entity shall for each pending SR:
1>	if the MAC entity has no valid PUCCH resource configured for the pending SR:
2>	initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel the pending SR.
1>	else, for the SR configuration corresponding to the pending SR:
2>	when the MAC entity has an SR transmission occasion on the valid PUCCH resource for SR configured; and
2>	if sr-ProhibitTimer is not running at the time of the SR transmission occasion; and
2>	if the PUCCH resource for the SR transmission occasion does not overlap with a measurement gap; and
2>	if the PUCCH resource for the SR transmission occasion does not overlap with a UL-SCH resource:
3>	if SR_COUNTER < sr-TransMax:
4>	increment SR_COUNTER by 1;
4>	instruct the physical layer to signal the SR on one valid PUCCH resource for SR;
4>	start the sr-ProhibitTimer.
3>	else:
4>	notify RRC to release PUCCH for all Serving Cells;
4>	notify RRC to release SRS for all Serving Cells;
4>	clear any configured downlink assignments and uplink grants;
4>	clear any PUSCH resources for semi-persistent CSI reporting;
4>	initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel all pending SRs.
NOTE:	The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more than one overlapping valid PUCCH resource for the SR transmission occasion is left to UE implementation.
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[bookmark: _Toc528856162]In NR, there is a mapping between the logical channel and the SR configuration. Since this is a high priority logical channel, it is expected that network allocate frequent PUCCH resources for the transmission of SR. The above specification states that the SR can only be transmitted on the first PUCCH resource after UL-SCH. This introduces unnecessary latency and may lead to that the latency target of this logical channel not being met. The below is an example.


Figure 1  An illustration of SR overalpping with UL-SCH
[bookmark: _Toc528856163][bookmark: _Toc528856178]A triggered scheduling request for high priority LCH cannot be sent on a valid frequently allocated PUCCH resource if the PUCCH resource overlaps with a long UL-SCH resource. 
Without the overlapping UL-SCH, the worst-case SR latency is the periodicity of PUCCH resources and can be, for example, 2 OFDM symbols. If the UL-SCH is slot-long with 14 OFDM symbols, the SR latency is 14 OFDM symbols due to the blocking of the UL-SCH. In the case of 15 kHz subcarrier spacing, this means a SR latency increase from 0.14 ms to 1 ms.  This extra latency can be crucial to meet latency requirement of URLLC traffic in the range of 1-5 ms.  It seems beneficial to lift this restriction and enable MAC to send SR on the first available PUCCH on the overlapping UL-SCH resource.  
[bookmark: _Toc528856164][bookmark: _Toc528856179]A large SR latency can be induced if SR cannot be sent due to UL-SCH blocking. 

In the other case where the BSR MAC CE can be included in the UL-SCH, the SR is cancelled. The problem still exists that network only knows the arrival of the new data in the high priority URLLC logical channel after the long UL-SCH transmission.  In addition, the BSR MAC CE is sent on the UL-grant with eMBB reliability target and gNB might not be able to decode correctly in the first transmission and further increase the latency. 


Figure 2 BSR MAC CE included in UL-SCH and SR cancelled
It is also beneficial to send the SR on the overlapping UL-SCH in this case, for that it is faster and more reliable than the transmission of BSR MAC CE on a long UL-SCH for eMBB.  
Note from the mapping between the logical channel and the SR configuration, the network knows which logical channel requests UL resources and gNB can estimate needed grant size since we usually have a limited and known packet size for URLLC traffic.
With the analysis of the above two cases, it is beneficial to allow sending SR on an overlapping UL-SCH resource
[bookmark: _Toc528856165][bookmark: _Toc528856180]It is beneficial to send SR on an overlapping UL-SCH resource. 

One alternative solution to the concern for SR latency can be that network may allocate a short UL-SCH for eMBB transmissions to accommodate the periodicity of the PUCCH resource allocation for a given LCH. For example, we can have an allocation so that there is very little or no overlapping of PUCCH resources and UL-SCH. But note that the PUCCH periodicity in NR can be as low as one symbol. It would be very inefficient to have such a configuration, especially considering the additional signalling that would be needed to support multiple short UL-SCH assignments compared to a s single long UL-SCH assignment. 
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Conclusion
We made the following observations:
Observation 1	A triggered scheduling request for high priority LCH cannot be sent on a valid frequently allocated PUCCH resource if the PUCCH resource overlaps with a long UL-SCH resource.
Observation 2	A large SR latency can be induced if SR cannot be sent due to UL-SCH blocking.
Observation 3	It is beneficial to send SR on an overlapping UL-SCH resource.

Based on the discussion above, we propose the following:
Proposal 1	Allow sending SR on an overlapping UL-SCH resource.
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