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1	Introduction
The URLLC L1 study item was approved in RAN#80, and the SID was further updated in RAN1#81 [1].
L1 improvements is one of the objectives in the SID noted as:
URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 
· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 
· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)
 
In this contribution we focus on PDCCH repetition as well as related scheduling enhancements for PDSCH/PUSCH repetition. From the RAN1#94 discussions, the following can be noted: 
Agreements:
Further evaluate the potential PDCCH enhancements for NR Rel-16 URLLC.
· Further evaluate PDCCH reliability 
· Further evaluate PDCCH blocking 
· Companies describe the resource utilization 
· Complexity should be considered
· Latency of the enhancement(s) should be considered
[bookmark: _GoBack]This is a resubmission of R1-1808572 with very minor modification.
2	Discussion on PDCCH repetition
PDCCH repetition within/across CORESETs, search spaces and monitoring occasions have already been studied and discussed in the NR Rel-15 WI, but in the end, there has been no consensus to specify any related enhancements. 
The Rel-15 discussions considered two rather different ways to support PDCCH repetition:
· Alt. 1: PDCCH repetition with combining the repeated PDCCH content by the UE, enabling PDCCH combining gain
· Alt. 2: PDCCH repetition without combining the repeated PDCCH content, enabling PDCCH selection diversity gain
As commonly acknowledged during the related Rel-15 discussions, as from UE decoding complexity and performance point of view, Alt. 1 is rather similar to supporting larger ALs, and Alt. 1 will have a performance advantage due to the additional diversity combining gain compared to Alt. 2 (without combining). 
The additional specification (and UE implementation) effort of Alt. 1 support is substantially higher than supporting larger PDCCH ALs for URLLC, as the needed linkage of the candidates need to be defined (which is a new thing requiring extensive discussions) whereas introducing higher ALs is a rather straightforward extension of the current framework. Alt. 1 may require an increase in the number BDs of (compared to higher AL as well as Alt. 2), as for the ‘combined/linked PDCCH candidates’ the UE will need to monitor for each linked candidate separately and in addition the ‘combined repeated PDCCH candidate’. From this perspective, when the combining is really required, defining a larger AL would be the simpler solutions. 
In contrast, Alt. 2 of having PDCCH repetition without the UE need to combine the repeated PDCCH transmissions can be somehow understood as a gNB implementation specific solution. Depending on factors such as interference conditions, reliability requirements of different transmissions as well as DL control load, the gNB may decide to transmit the DL assignment for the same PDSCH or the UL grant for the same PUSCH transmission on different PDCCH candidates in the same or different search space(s) and the same PDCCH monitoring occasion. Even the case of repetition across different PDCCH monitoring occasion(s) could be supported as gNB implementation specific as well. This can be achieved by the gNB setting K0/K2 in the DL assignments/UL grants sent in the different monitoring occasions appropriately and thereby complying with the NR Rel-15 UE preparation time of the UE. This would mean, that the PDSCH is not to start before the last PDCCH repetition to not require unnecessary UE DL-SCH baseband sample buffering. Similarly, the scheduled PUSCH should not start earlier than given by the last PDCCH repetition and the UE preparation time for UL grant to PUSCH transmission. These restrictions will increase the effective scheduling latency due to the PDCCH repetition across monitoring occasions but reduce/avoid the impact on UE implementation. This latency issue of Alt. 2 is equally valid for Alt. 1 for repetition across monitoring occasions, as the UE preparation time would need to be guaranteed by the latest PDCCH carrying the DCI. 
Overall, Alt. 2 will not require from the UE any additional BDs or any additional computational complexity compared to legacy Rel-15. The only thing that would need to be defined in the specification (and UE implementation) is that the UE does not regard more than one received DL assignment for the same PDSCH / UL grant for the same PUSCH transmission as an error case which is a minor change.

Compared to Alt. 1, the gNB can with Alt. 2 freely select the PDCCH candidates to perform the repetition as there is no need to define any linkage of repeated PDCCH candidates. Therefore, this scheme is clearly more flexible in gNB’s choice of where to repeat and will thereby lead to a smaller PDCCH blocking probability compared to Alt. 1 and introducing higher AL.
To show the performance difference on PDSCH/PUSCH decoding for Alt. 2, we compare the case of a single DCI transmission compared to the case of m DCI transmission which can be noted as:
·    		for the case of a single transmitted DCI
· 	for m DCI transmissions on different PDCCH candidates, 
where  is the probability of missed DCI/DL assignment/UL grant of a single PDCCH candidate,  is the PDSCH BLER and P is the overall reliability of the PDSCH/PUSCH reception assuming statistical independent DCI missed detection probabilities on the different PDCCH candidates. In Figure 1, we present the error probability given by Pfailure=(1-P) of Alt. 2 with varying DCI missed detection probabilities and a PDSCH/PUSCH BLER of . 


Figure 1: Error probability of scheduled DL-SCH/UL-SCH as a function of the PDCCH missed detection probabilities with varying number of PDCCH repetitions for 

As can be seen from Figure 1, also the PDCCH repetition without UE combining of Alt. 2 provides nice performance improvements in terms of DL control /overall data channel reliability for NR URLLC. 
To summarize the discussions in here, we propose to enable PDCCH repetition scheduling the same PDSCH/PUSCH transmission for NR URLLC in Rel-16 as the specification & UE implementation effort is rather marginal and lower PDCCH blocking is to occur due to the dynamically, independently selectable PDCCH candidates for repetition. In case the provided selection diversity gain of Alt. 2 is not sufficient, RAN1 may consider other PDCCH enhancements such as compact DCI or higher AL before specifying PDCCH repetition with a UE requirement to combine the repeated PDCCH. 
Proposal 1: Enable gNB implementation specific PDCCH repetition (within or across monitoring occasions) without the need for UE combining.
· Required specification & implementation impact: The UE should not regard more than one received DL assignment for the same PDSCH / UL grant for the same PUSCH transmission as an error case.

[bookmark: _Toc415085486][bookmark: _Toc503902285]Blind/HARQ-less PDSCH/PUSCH repetition is supported for NR through configuring the UE with aggregationFactorDL and aggregationFactorUL. The higher-layer configured aggregation factor is to be applied to all scheduled PDSCH/PUSCH transmissions independently of the specific data to be transmitted (i.e. independently if data of URLLC or eMBB services is to be scheduled). 
This is clearly inefficient from resource usage point of view, as the gNB may need to configure the repetition/aggregation to achieve the target reliability of the URLLC service and then also operate the eMBB traffic for the same UE without the repetition. But even in case of URLLC traffic only, depending on the size of the URLLC data packet, the gNB may be able to transmit smaller data packets with lower MCS in a single shot manner whereas for larger data packets (requiring potentially higher MCS due to the resource limitations in a TTI) the repetition is required. This has been recognized in the design of HRLLC for LTE in Rel-15, where a dynamic PDSCH repetition indication in the DL assignment is supported. For LTE blind/HARQ-less PDSCH repetition, when configured, a 2bit repetition field is included in the DL assignment where the number of indicated total number of transmissions k can be configured to be either from the set {1,2,3,4} or {1,2,4,6}. 
With the support of the simple PDCCH repetition (without UE combining) of Proposal 1 and in addition dynamic blind/HARQ-less PDSCH/PUSCH repetition (as supported for LTE), the gNB would also support the same flexibility as in Rel-15 LTE HRLLC in terms of cross monitoring occasion/slot PDCCH repetition combined with blind/HARQ-less shared channel repetition, show in Figure 2 for the case of PDSCH scheduling. 
[image: ]    [image: ]
(a)																				(b)
Figure 2: Combination of dynamic repetition indication and PDCCH repetition: 
(a) DCIs with each PDSCH transmission or (b) DCIs for the first two transmissions only.

As we have shown in our earlier contribution [2], from performance point of view it would be clearly of advantage to transmit as many DCIs as early as possible, but this may not be always possible in terms of PDCCH blocking/restrictions. Then, the PDCCH repetition in time domain (i.e. across monitoring occasions) as shown in Figure 2 could be used, where up to gNB decision the scheduling DCI (each scheduling one or multiple transmissions) could be if needed repeated in time domain (across monitoring occasions and/or slots). In contrast to PDCCH repetition across monitoring occasions without the blind repetition, there is no additional scheduling delay present as for each independently issued DL assignment/UL grant the respective number of repetitions is indicated. Therefore, there is no need to artificially delay the start of the PDSCH/PUSCH repetition burst with this method to provide PDCCH repetition across monitoring occasions. 
We think that this scheduling flexibility of LTE in terms of combining the PDCCH repetition with blind/HARQ-less shared channel repetition would clearly also help the operational efficiency of URLLC for NR. The size of the repetition field in the scheduling DCI could be either fixed to 2bits (as in case of LTE) or configurable, and the entries referenced by the field could be configurable as well.  Although LTE HRLLC supports only the dynamic blind/HARQ-less repetition of PDSCH, we suggest to also support this for PUSCH (as for NR also the higher layer configured fixed repetition for scheduled PUSCH is supported). 
Proposal 2: Support dynamic indication of blind/HARQ-less repetition for PDSCH/PUSCH in Rel-16. 
· FFS: size of bit field in the scheduling DCI, addressable repetition numbers

3	Conclusions
In this contribution, we discussed PDCCH repetition enhancements taking performance, complexity, blocking and latency aspects into account as well as suggest enhancements to the blind/HARQ-less PDSCH/PUSCH repetition framework for NR URLLC. 
Based on the discussions in this contribution, the following proposals are made: 
· Proposal 1: Enable gNB implementation specific PDCCH repetition (within or across monitoring occasions) without the need for UE combining.
· Required specification & implementation impact: The UE should not regard more than one received DL assignment for the same PDSCH / UL grant for the same PUSCH transmission as an error case.

· Proposal 2: Support dynamic indication of blind/HARQ-less repetition for PDSCH/PUSCH in Rel-16. 
· FFS: size of bit field in the scheduling DCI, addressable repetition numbers

References
[1] 	RP-182089, “Study on physical layer enhancements for NR ultra-reliable and low latency communication (URLLC)”, Huawei, HiSilicon, Nokia, Nokia Shanghai Bell, RAN#81, Sep. 2018.
[2] 	R1-1804617, Discussion on reliability enhancement for PDCCH, Nokia, Nokia Shanghai Bell
 
image1.png
Error propability of scheduled PDSCH/PUSCH

10
—Single DCI (m=1)
——Two DCIs (m=2)
—— Three DCIs (m=3)
Four DCs (m=4)
107
10°
10°%
5
10
10" 10° 107

DCI

10





image2.png
PDCCH PDSCH PDCCH PDSCH PDCCH PDSCH PDCCH PDSCH

\ \ \ \
‘\ ‘\ ‘\ ‘\
‘\ ‘\ ‘\ ‘\
.“ .“ .“ .“
3 3 3 3

DCI(1,2,3,4)D1  DCI(2,3,4) D2 DCI(3,4) D3 DCI(4) D4




image3.png
PDCCH PDSCH PDCCH PDSCH PDSCH PDSCH

NN

DCI(1,2,3,4)D1  DCI(2,3,4) D2




