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Introduction
This contribution considers UL control signaling enhancements for URLLC according to the scope of the URLLC SI [1]. Focus is on the resolution of the open issues identified in [2].


HARQ-ACK 
HARQ-ACK timing indication
Rel-16 URLLC needs to support variable PUCCH transmission timing granularity ranging from symbol level (e.g. 15 kHz SCS) to slot level as in Rel-15 (e.g. 60/120 kHz). Also, different URLLC services target different data TB sizes and require different L1 latencies (the larger the TB size, the more relaxed the latency requirement [1]). There are several functionally equivalent ways to achieve variable PUCCH transmission timing granularity, for example as captured in [2]. To avoid unnecessary specification impact, minimize changes to UE/gNB implementations, and support operation for all SCS configurations and/or all latency requirements, the granularity of the PDSCH-to-HARQ_feeback timing indicator field value (K1 value) can be configured to be from 1 symbol to 1 slot. No other change is needed to the Rel-15 operation.

Proposal 1: HARQ-ACK feedback timing granularity (K1 value) is configurable between 1 symbol and 1 slot. 


Number of PUCCH transmissions per slot and applicable PUCCH formats
Another issue with the support of multiple PUCCH transmissions (with HARQ-ACK) per slot is their number. There is no apparent reason to specify this number and can follow from other gNB configurations. Further, there is no reason to limit multiple PUCCH transmissions to specific PUCCH formats. 
 
Observation 1: There is no need to limit transmission from a UE of multiple PUCCH with HARQ-ACK information in a slot to specific PUCCH formats or to a specific number smaller than the maximum possible one for a corresponding gNB configuration of PUCCH resources. 


Multiplexing HARQ-ACK for different service types
The following was agreed in RAN1 NRAH#1901. 

Agreements:
· For a R16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE
· FFS more details (including procedures when applicable)
· FFS: How to identify a HARQ-ACK codebook 
· FFS applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both
· FFS more than 2
· FFS whether or not CBG configuration is supported for Rel-16 URLLC

Support of different HARQ-ACK codebooks depending on the service type requires only parallelization of the Rel-15 operation. Identification of the HARQ-ACK codebook for a HARQ-ACK information bit can be based on the DCI format scheduling the corresponding PDSCH reception. As Rel-16 URLLC services do not require CA, there is no need to consider the semi-static HARQ-ACK codebook. Also, no changes to the Rel-15 dynamic HARQ-ACK codebook design are needed. The number of DCI formats that a UE is configured for different services can determine the number of HARQ-ACK codebooks. For the Rel-16 URLLC services, there is no need for that number to be larger than two (e.g. for AR/VR in addition to eMBB). CBG configuration is unnecessary for most Rel-16 URLLC services (TB size is too small) but can be applicable for some services (e.g. AR/VR with TB size of 4096 or 10K bytes [1]), can help improve the reliability of retransmissions, and does not require additional specifications or UE/gNB implementation compared to Rel-15. Further, as Rel-15 uses a joint HARQ-ACK codebook regardless of the service type (e.g. C-RNTI or MCS-C-RNTI), this capability should be maintained for Rel-16 URLLC and whether a joint HARQ-ACK codebook or separate HARQ-ACK codebooks are used should be a gNB implementation issue and be handled by a corresponding configuration.
 
Observation 2: For Rel-16 URLLC, there is no need to support a semi-static HARQ-ACK codebook, no changes are needed to the Rel-15 dynamic HARQ-ACK codebook operation, there is no need to preclude CBG configuration, and the Rel-15 joint HARQ-ACK codebook continues to remain applicable.

Proposal 2: Rel-16 supports up to two dynamic (Type 2) HARQ-ACK codebooks. The UE identifies the HARQ-ACK codebook from the associated DCI format. Whether one or two dynamic HARQ-ACK codebooks are used is configured by the gNB. 


Multiplexing of URLLC and eMBB information
In general, for PDSCH receptions and PUSCH transmissions scheduled by a DCI format, the gNB has some control to avoid time overlapping between eMBB ones and URLLC ones. This control however does not exist for latency sensitive PUCCH/PUSCH transmissions or for grant-free PUSCH transmissions and defining prioritization rules for the UE behavior in case of collisions is necessary. 

The overall issue with respect to PUCCH and PUSCH collisions can be avoided and operation/specification can be materially simplified by supporting simultaneous PUSCH and PUCCH transmissions from a UE. This is a feature that LTE supports and, although it was considered for NR Rel-15, it was not concluded due to time constraints. UE implementation requirements are simpler than in LTE, even for UEs that do not support UL CA, since OFDM is supported in the UL. The specification impact is expected to be trivial (similar to LTE). 

Proposal 3: Support simultaneous PUSCH and PUCCH transmissions, at least for UEs that support simultaneous eMBB and URLLC services, as a UE capability. 


Regardless of whether or not simultaneous PUSCH and PUCCH transmissions are supported, there can be PUSCH collisions (e.g. grant-free PUSCH for URLLC and grant-based PUSCH for eMBB). Also, if simultaneous PUSCH and PUCCH transmissions are not supported, there can be PUSCH and PUCCH collisions. The rules to resolve collisions can follow the Rel-15 ones. 

L1 scheduled/triggered transmissions have higher priority than RRC configured ones - Type 1 grant-free PUSCH and PUCCH with positive SR are not considered RRC configured transmissions as they are dynamically triggered (by the UE). 

L1 scheduled/triggered transmissions associated with URLLC services (grant-based/grant-free PUSCH, HARQ-ACK, SR, SRS) have higher priority than transmissions associated with eMBB services.

Other collision cases are considered an error and the UE behavior is not defined.

The above also imply that multiplexing of UCI associated with a URLLC service in a PUSCH associated with eMBB service is not supported (unless the UE is configured to operate with the Rel-15 behavior). In all cases, timeline conditions as in Rel-15 remain applicable.

Proposal 4: For time overlapping of PUCCH and PUSCH transmissions associated with different service types and subject to a timeline for cancelling an ongoing transmission and when the UE is not configured for Rel-15 behavior
· A dynamically scheduled/triggered transmission (grant-based/Type 1 grant-free PUSCH, HARQ-ACK, SR, SRS) associated with a URLLC has higher priority than a transmission associated with eMBB
· UCI multiplexing in a PUSCH transmission is not supported


For time overlapping of Type 1 grant-free PUSCH and PUCCH transmissions, it is not an error case when the timeline condition for multiplexing UCI in the PUSCH is not satisfied and the UE drops the PUCCH. Prioritization for the case of a PUCCH with HARQ-ACK for URLLC PDSCH and a Type 1 grant-free PUSCH, when HARQ-ACK multiplexing in the PUSCH is not possible, can either be configured by the gNB or the earlier transmission can be prioritized. 
 
Proposal 5: If a UE does not support simultaneous PUSCH and PUCCH transmissions, when a grant-free PUSCH overlaps in time with a PUCCH with HARQ-ACK information and, due to timeline, the UE cannot multiplex the HARQ-ACK in the PUSCH, the UE drops either the PUSCH or the PUCCH based on configuration by the gNB.


In Rel-15, a UE reserves resources in a PUSCH for multiplexing up to 2 HARQ-ACK information bits. For eMBB PUSCH, this is not a significant problem as the PUSCH typically spans several symbols on each hop. For URLLC and small SCS, this is not always the case, the first PUSCH symbol needs to include DMRS REs, and the second PUSCH symbol needs to include HARQ-ACK REs. Support of simultaneous PUSCH and PUCCH transmissions also avoids this problem but, if supported, it is likely to be an optional feature. A simple solution is for a UE to be configured whether or not to multiplex HARQ-ACK information in a PUSCH (both for URLLC service). If the UE is not configured to multiplex HARQ-ACK information in a PUSCH, the UE can be configured which transmission to prioritize (or the UE can prioritize the later scheduled transmission). 
 
Proposal 6: If a UE does not support simultaneous PUSCH and PUCCH transmissions, the UE is configured whether or not to multiplex HARQ-ACK information in a PUSCH. 


Configuration of parameters for UCI transmission







PUCCH resources associated with eMBB and URLLC clearly need to be separately configured. As the difference between target BLERs for UCI and data can, in general, be different for URLLC and eMBB, the UCI resource determination in a PUSCH transmission needs to be separately configured for each service type (i.e separate configuration for  and  values). Values for  and  that are not supported in Rel-15 do not seem necessary, as Rel-15 already supports a very wide range of data/UCI BLER ratios, and may be considered in the WI phase. Similar to the PUCCH resource determination or the HARQ-ACK codebook determination, the  and  values can be determined from the DCI format scheduling the PUSCH transmission (they are configured for grant-free PUSCH transmissions). The same applies for power control parameters which should also be differentiated per UCI type as a same BLER for a same payload should not be mandated for HARQ-ACK, SR, and CSI (similar principle to configuring  values per UCI type). 



Proposal 7: Parameters associated with a PUCCH transmission (resource, K1 values, power control) or with UCI multiplexing in a scheduled PUSCH transmission ( and  values) are separately configured for eMBB and URLLC and the determination of applicable values is based on the associated DCI format.  

Proposal 8: PUCCH power control parameters are separately configured per UCI type.




Observation 3: The Rel-15  and  sets of values seem sufficient for Rel-16 URLLC.   


CSI Feedback Enhancements
CSI feedback enhancements primarily concern enhancements in CSI triggering and use of DMRS to obtain CSI. In RAN1 NRAH#1901, and the following was agreed.

Agreements:
· Down-select in RAN1#96 for potential A-CSI on PUCCH
· Opt.1: A-CSI report on PUCCH triggered by DL-scheduling DCI.
· For measurement source
· Alt.1: Based on CSI-RS/CSI-IM measurement 
· Alt.2: Based on DMRS/PDSCH/PDCCH measurement
· For report quantity
· Alt.1: R15 baseline
· Alt.2: Delta CQI
· Alt.3: Delta SINR
· For report timeline
· Alt.1: R15 timeline
· Alt.2: New timeline
· Opt.2: A-CSI report on PUCCH based on group-common PDCCH (similar to A-SRS triggering in GC-PDCCH in Rel-15) using Rel-15 mechanisms for measurement source, report quatity, and timeline (A-CSI triggered to transmit on PUSCH)
· Opt.3: No A-CSI on PUCCH due to this SI


For URLLC services with periodic/deterministic traffic model, a periodic CSI report suffices. URLLC services with a sporadic/FTP traffic model can be categorized into ones requiring low latency and BLER and have small data TB sizes (e.g. AR/VR with 1 ms air interface latency, 10-5 target BLER, and 32 bytes TB size) and ones with looser requirements on latency and BLER that have somewhat larger TB sizes (e.g. power distribution or AR/VR with 1 ms air interface latency, 10-3 target BLER, and 4096 or 10K bytes TB size). For brevity, the former will be referred to as Type A and the latter as Type B.

For Type A URLLC services:
a) Link adaptation can only offer marginal system throughput gains, if any, considering the small TB sizes, that most slots will not contain such transmissions, and the associated CSI-RS and PUCCH overhead.
b) Link adaptation needs to practically be error free – this includes measurements, quantization errors, and CSI reporting in the PUCCH. Due to the additional latency, CSI reporting needs to be over a very short time period and with a few bits without CRC protection and practically be error free (e.g. 10-8 target BLER). Further, it is unclear what impact a large quantization error due to the few CSI report bits will have on reliability or potential link adaptation gains for URLLC.  
c) Link adaptation that does not benefit the first transmission of a data TB makes any potential gains negligible even if measurement/reporting overhead and errors are not considered.
d) For interference diversity and robustness and due to short TTI and the limited number of CSI report bits, PDSCH transmission has to be wideband to achieve a very low coding rate and the target BLER. The same applies for the PDCCH transmission. Given that PDSCH and PDCCH transmission will practically occupy a significant part of a same BWP, be in successive symbols, and that PDSCH reception is contingent on DCI format detection that has comparable size to the TB size, proper link adaptation for PDCCH is a prerequisite.  

Considering the above, and without even considering additional aspects related to specification and UE/gNB implementation such as a reduced CSI processing time, it can be readily concluded that CSI triggering enhancements for Type A URLLC services are not only unnecessary but are also likely to be detrimental. Long term link adaptation based on RSRP report suffices and is appropriate as the transmissions need to be robust and achieve low BLERs.  

Observation 4: For URLLC services requiring low latency, low target BLERs, and have small data TB sizes, there is no need to support enhancements to Rel-15 CSI triggering. 


For Type B URLLC services:
a) Link adaptation can potentially offer small throughput gains as the TB sizes remain relatively small compared to eMBB and traffic is more sporadic than for eMBB. CSI-RS overhead (if CSI-RS is used) needs to also be accounted as CSI-RS transmission needs to be on demand and may not be used by other UEs
b) Similar to Type A URLLC services, link adaptation needs to be highly reliable as although the BLER target is reduced, it remains well below (e.g. two orders of magnitude) than the BLER target typically used for eMBB 
c) Similar to Type A URLLC services, if link adaptation does not benefit the initial transmission of a data TB, it is practically useless
d) Similar to Type A URLLC services, robustness is needed, PDSCH transmission is likely to be wideband, and it is therefore beneficial to enable both PDCCH and PDSCH link adaptation


For Type B URLLC services, CSI report triggering based on a UE-group common PDCCH can be beneficial because: 
a) Benefits all PDSCH transmissions
b) Reduces a need for periodic/SPS CSI reports that will typically represent only overhead and will not be utilized
c) Does not increase overhead when configured as it can be used ‘on demand’ – there is also no additional PDCCH decoding complexity for the UE as the DCI format can be size-matched to the unicast DCI format
d) Avoids the overhead of UE-specific CSI-RS and can avoid interference that a triggered CSI-RS will cause to ongoing DL transmissions (e.g. for eMBB but possibly also for URLLC) that cannot be rate matched. 
e) Requires minimal specification complexity
f) Does not increase UE complexity as there is no need for reduced CSI processing time or support of a new functionality such as supporting or not supporting multiplexing of HARQ-ACK information. 

Table 1 presents the throughput gain over using only wideband CSI/RSRP when link adaptation is based on (a) RSRP/wideband CSI for initial TB transmission and on CSI feedback for retransmissions and (b) on CSI feedback for both initial TB transmission and retransmissions. The simulation assumptions were as follows: dense urban micro with 4Tx/4Rx, rank 1 always, variable TBS (favorable to CSI feedback), no CSI feedback errors (favorable for CSI feedback), 1% target BLER for initial TB reception (favorable for CSI feedback for retransmissions), and no CSI-RS overhead (favorable to CSI feedback). Even under near-ideal favorable assumptions, there is no meaningful gain from using CSI reports for link adaptation of retransmissions.   

Table 1: Average/Median/5% UPT gain over using only RSRP for link adaptation for (a) RSRP for initial TB transmission, CSI feedback for TB retransmission, (b) CSI feedback for all TB transmissions
	Link Adaptation
	Cell Loading
	Precoding
	Average UPT gain
	Mean UPT gain
	5% UPT gain

	RSRP + CSI
	Low
	Codebook
	0.7%
	0.1%
	-0.7%

	CSI
	Low
	Codebook
	2.0%
	3.3%
	0.5%

	RSRP + CSI
	Low
	Ideal
	0.7%
	0.9%
	-0.6%

	CSI
	Low
	Ideal
	2.7%
	6.0%
	8.4%

	RSRP + CSI
	Medium
	Codebook
	3.2%
	2.3%
	8.0%

	CSI
	Medium
	Codebook
	4.8%
	5.5%
	-3.3%

	RSRP + CSI
	Medium
	Ideal
	4.2%
	2.4%
	14.2%

	CSI
	Medium
	Ideal
	8.8%
	10.2%
	20.1%



Proposal 9: Support triggering of CSI reports by GC-PDCCH. 


It is further noted that Rel-15 provides the capability to trigger A-SRS transmissions using a UE-group common PDCCH. Although an A-SRS transmission cannot provide sub-band CQI due to differences in DL and UL interference, it can provide a path-loss estimate, beamforming information for the TDD bands at 4 GHz, does not incur material latency (always smaller than for CSI reporting), and is free of reporting and quantization errors.   

DMRS-based CSI reporting has been proposed in various realizations almost in every release since Rel-10. Reasons for absence of specification support remain largely same for Rel-16 URLLC and include: 
a) Is not wideband – can be argued to be less of an issue for URLLC PDSCH
b) Does not benefit the initial transmission of a TB
c) DMRS is precoded – although it can be argued that PMI/RI changes more slowly than CQI, for sporadic URLLC traffic a solution is still needed to provide PMI/RI as periodic CSI reporting can be highly inefficient   
d) Requires duplicated UE functionality as CSI-RS based CSI reporting is indispensable – RAN4 will also need to develop corresponding performance requirements for testing

Observation 5: DMRS-based CSI reporting for Rel-16 URLLC continues to have several of the problems identified in previous releases. 


The CQI index in a CSI report should reflect the duration of a PDSCH transmission. For URLLC, and depending on the SCS value, the PDSCH transmission duration can be different (e.g. smaller) than a slot. Therefore, a time unit for a UE to determine the CQI index should be configured to the UE. 
  
[bookmark: _GoBack]Proposal 10: A UE is configured the time unit used to determine the CQI index in a CSI report. 


Conclusions
This contribution considered aspects related to UL control signaling and proposes the following.

Proposal 1: HARQ-ACK feedback timing granularity (K1 value) is configurable between 1 symbol and 1 slot. 

Proposal 2: Rel-16 supports up to two dynamic (Type 2) HARQ-ACK codebooks. The UE identifies the HARQ-ACK codebook from the associated DCI format. Whether one or two dynamic HARQ-ACK codebooks are used is configured by the gNB. 

Proposal 3: Support simultaneous PUSCH and PUCCH transmissions, at least for UEs that support simultaneous eMBB and URLLC services, as a UE capability. 

Proposal 4: For time overlapping of PUCCH and PUSCH transmissions associated with different service types and subject to a timeline for cancelling an ongoing transmission and when the UE is not configured for Rel-15 behavior
· A dynamically scheduled/triggered transmission (grant-based/Type 1 grant-free PUSCH, HARQ-ACK, SR, SRS) associated with a URLLC has higher priority than a transmission associated with eMBB
· UCI multiplexing in a PUSCH transmission is not supported

Proposal 5: If a UE does not support simultaneous PUSCH and PUCCH transmissions, when a grant-free PUSCH overlaps in time with a PUCCH with HARQ-ACK information and, due to timeline, the UE cannot multiplex the HARQ-ACK in the PUSCH, the UE drops either the PUSCH or the PUCCH based on configuration by the gNB.

Proposal 6: If a UE does not support simultaneous PUSCH and PUCCH transmissions, the UE is configured whether or not to multiplex HARQ-ACK information in a PUSCH. 



Proposal 7: Parameters associated with a PUCCH transmission (resource, K1 values, power control) or with UCI multiplexing in a scheduled PUSCH transmission ( and  values) are separately configured for eMBB and URLLC and the determination of applicable values is based on the associated DCI format.  

Proposal 8: PUCCH power control parameters are separately configured per UCI type.

Proposal 9: Support triggering of CSI reports by GC-PDCCH. 

Proposal 10: A UE is configured the time unit used to determine the CQI index in a CSI report. 


In addition, the following are observed.

Observation 1: There is no need to limit transmission from a UE of multiple PUCCH with HARQ-ACK information in a slot to specific PUCCH formats or to a specific number smaller than the maximum possible one for a corresponding gNB configuration of PUCCH resources. 

Observation 2: For Rel-16 URLLC, there is no need to support a semi-static HARQ-ACK codebook, no changes are needed to the Rel-15 dynamic HARQ-ACK codebook operation, there is no need to preclude CBG configuration, and the Rel-15 joint HARQ-ACK codebook continues to remain applicable.



Observation 3: The Rel-15  and  sets of values seem sufficient for Rel-16 URLLC.   

Observation 4: For URLLC services requiring low latency, low target BLERs, and have small data TB sizes, there is no need to support enhancements to Rel-15 CSI triggering. 

Observation 5: DMRS-based CSI reporting for Rel-16 URLLC continues to have several of the problems identified in previous releases. 



References:
[1] RP-181477, “New SID on Physical Layer Enhancements for NR URLLC”
[2] R1-1901401, “Offline summary on UCI enhancements for URLLC”, Oppo
[3] TS 38.213 v15.4.0, “NR; Physical layer procedures for control” 


5

image2.wmf
a


oleObject2.bin

oleObject3.bin

oleObject4.bin

oleObject5.bin

oleObject6.bin

oleObject7.bin

oleObject8.bin

oleObject9.bin

oleObject10.bin

oleObject11.bin

oleObject12.bin

oleObject13.bin

oleObject14.bin

oleObject15.bin

image1.wmf
PUSCH

offset

b


oleObject1.bin

