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[bookmark: _Ref54129494]Introduction
In RAN1#104bis_e, the prioritization between UL and DL channels was discussed. The motivation for this discussion is that a half-duplex UE is unable to monitor DL channels and transmit UL channels at the same time.
The following agreement, with an FFS on support for the UL cancellation indicator, was made:

Agreements:
For Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission), reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum. 
· FFS whether the timeline is extended to include the RX/TX switching time for HD-FDD
For Case 4: dynamically scheduled DL reception vs. dynamic scheduled UL transmission, reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum
· That is, it is considered as an error case if a dynamically scheduled DL reception overlaps with a dynamically scheduled UL transmission
For Case 2 (semi-statically configured DL reception vs. dynamically scheduled UL transmission), reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier/single cell in unpaired spectrum
· The semi-statically configured DL reception may include PDCCH (excluding ULCI), SPS PDSCH, CSI-RS or PRS. 
· FFS on PDCCH carrying ULCI, including whether or not it is supported by RedCap UEs (including potential difference between HD vs. FD RedCap UEs)
· The dynamically scheduled UL transmission may include PUSCH, PUCCH, SRS or PRACH triggered by PDCCH order


Uplink cancellation indicator
This section provides a brief overview of ULCI operation.
The uplink cancellation indicator (ULCI) was introduced in Rel-16 for the purpose of better supporting inter-UE multiplexing and prioritization. The ULCI allows the gNB scheduler to cancel portions of an UL allocation to a lower priority UE when it needs to schedule a higher priority UE. For example, the ULCI can cancel an eMBB transmission to UE1 when the scheduler needs to schedule latency-critical URLLC traffic to UE2.
The ULCI has the following characteristics:
· Monitored by eMBB UE or UE with mixed eMBB & URLLC traffic
· ULCI indicates which resources are occupied by URLLC UE
· The UE cancels its scheduled transmission if it collides with the resources indicated in the ULCI.  Transmissions that can be cancelled are
· Dynamic grant and configured grant PUSCH (DG-PUSCH and CG-PUSCH)
· SRS
· Aspects	 of ULCI operation can be configured by RRC
· Physical characteristics:
· UL CI is transmitted using GC-DCI, with DCI Format 2_4
· 1 blind decode (1 PDCCH candidate) can be configured per UL CI monitoring occasion
· The processing time for UL CI is N2 of UE processing capability 2
· Maximum periodicity = 10 slots
· Each ULCI addresses a Reference Uplink Region (RUR)
· ULCI consists of an Pfreq×Ptime, 2D bitmap which is projected onto the RUR, where the bitmap indicates which portion of the RUR is occupied by a URLLC UE
· RUR starts Tproc symbols after the end of the PDCCH CORESET carrying the UL CI 
· Tproc ≥ N2 + d (N2 processing time of UL CI and d is provided by higher layers)

Operation of the ULCI is shown in Figure 1. The figure shows a PDCCH carrying an ULCI that cancels the part of an eMBB PUSCH transmission that is occupied by a URLLC transmission.
[image: ]
[bookmark: _Ref71649688]Figure 1 – ULCI cancelling an UL transmission within a reference uplink region (RUR)

Use case for ULCI in redcap
A major use case for Redcap is Industrial Wireless Sensors (IWSN). IWSN devices will be deployed in factories that also support URLLC devices (robots etc). For this significant use case, it is clear that IWSN redcap devices need to coexist with URLLC devices.
Observation 1: For the IWSN use case, Redcap devices need to coexist with URLLC devices.
In the UL, IWSN and URLLC devices can coexist in the same band by either:
· Partitioning the spectrum (under gNB / operator control) into spectrum used by IWSN devices and other spectrum used for URLLC devices. This is not efficient from a statistical multiplexing perspective.
· Supporting ULCI, allowing URLLC UL transmissions to be prioritized over IWSN transmissions.

Observation 2: ULCI is a key enabler for the coexistence of IWSN and URLLC devices in a spectrally efficient manner.

Processing burden of redcap UE supporting ULCI
There are various aspects of ULCI that mean that supporting ULCI is not a significant processing burden for the UE. The aspects are summarized in Table 1.
[bookmark: _Ref71651939]Table 1 – Aspects of ULCI operation that allow ULCI to be supported by a redcap UE
	ULCI Feature
	Applicability to redcap

	1 blind decode (1 PDCCH candidate) can be configured per UL CI monitoring occasion
	The baseband decoding complexity is minimized by only having to process a single PDCCH candidate

	The UE cancels its scheduled transmission if it collides with the resources indicated in the ULCI
	After the UE decodes ULCI, all the UE has to do is to cancel its UL transmission (e.g. CG-PUSCH). Cancelling a transmission is much simpler than encoding data onto a PUSCH

	The processing time for UL CI is N2 of UE processing capability 2
	The redcap UE is expected to support PUSCH timing capability 1. The redcap UE only has to support one specific aspect of the processing capability 2: the time to decode a PDCCH.
As an example, the PUSCH preparation time for a 15kHz SCS is (from TS38.214 section 6.5):
· 10 symbols for PC1
· 5 symbols for PC2

Within the processing timeline of 10 symbols for PC1, the UE has to process a PDCCH and encode a PUSCH, as shown below:
[image: ]
The time taken to decode the PDCCH is expected to be less than the time taken to encode the PUSCH, hence the redcap UE can process the ULCI within the time “N2 of UE processing capability 2” without an increase in redcap complexity.

	Tproc ≥ N2 + d (N2 processing time of UL CI and d is provided by higher layers)

	The gNB can signal a value of “d” that is sympathetic to redcap UEs such that the processing burden of ULCI is further reduced.



Observation 3: Redcap UEs can support ULCI without an increase in UE complexity.
There are compelling use cases for support of ULCI in redcap devices and support of ULCI is not onerous for redcap devices, hence the following proposal is made:
Proposal 1: For Case 2 (semi-statically configured DL reception vs. dynamically scheduled UL transmission), the redcap UE prioritises reception of PDCCH carrying ULCI over dynamically scheduled UL transmissions.

Support of ULCI by FD-FDD and HD-FDD UEs
ULCI is most easily supported by FD-FDD UEs since such UEs are able to monitor the DL for ULCI at the same time as transmitting in the UL.
Based on the IWSN use case for redcap, as discussed above, IWSN devices need to support ULCI. IWSN devices may be HD-FDD devices. The ULCI can either be indicated to a redcap UE before the redcap UE starts its UL transmission or during an ongoing UL transmission. In the former case, the redcap UE receives the ULCI while monitoring the DL. For the latter case, the redcap UE will need to periodically switch to monitoring the DL for ULCI during ongoing UL transmissions. This is the necessary price that has to be paid for supporting IWSN and URLLC coexistence.
Observation 4: ULCI does not introduce prioritization rules for an FD-FDD redcap device.
Observation 5: ULCI does not introduce prioritization rules for an HD-FDD redcap device when the redcap device is monitoring the DL.
Observation 6: An HD-FDD redcap device needs to switch to monitoring for ULCI in the DL periodically when ULCI clashes with ongoing UL transmissions from the redcap device.

Proposal 2: ULCI is supported by both FD-FDD and HD-FDD redcap UEs.

[bookmark: _Hlk47387515]Conclusions
This document has considered the support of ULCI by HD-FDD redcap UEs.
The following observations are made:
Observation 1: For the IWSN use case, Redcap devices need to coexist with URLLC devices.
Observation 2: ULCI is a key enabler for the coexistence of IWSN and URLLC devices in a spectrally efficient manner.
Observation 3: Redcap UEs can support ULCI without an increase in UE complexity.
Observation 4: ULCI does not introduce prioritization rules for an FD-FDD redcap device.
Observation 5: ULCI does not introduce prioritization rules for an HD-FDD redcap device when the redcap device is monitoring the DL.
Observation 6: An HD-FDD redcap device needs to switch to monitoring for ULCI in the DL periodically when ULCI clashes with ongoing UL transmissions from the redcap device.

The following proposals are made:
Proposal 1: For Case 2 (semi-statically configured DL reception vs. dynamically scheduled UL transmission), the redcap UE prioritises reception of PDCCH carrying ULCI over dynamically scheduled UL transmissions.
Proposal 2: ULCI is supported by both FD-FDD and HD-FDD redcap UEs.
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