[bookmark: _Hlk53345814][bookmark: _Hlk772559][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Hlk4135959][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #103-e 	R1-2008883
e-Meeting, October 26th – November 13rd, 2020

Agenda item:		8.12.2 Mechanisms to improve reliability for RRC_CONNECTED UEs
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Source: 	Nokia, Nokia Shanghai Bell
Title: 	Reliability Improvements for RRC_CONNECTED UEs
Document for: 		Discussion and Decision
[bookmark: _Ref45896452]Introduction
[bookmark: _Hlk525462591]5G Broadcast evolution in RAN is discussed at RAN #78 and RAN #80, summarizing the technical attributes of terrestrial broadcast and mixed mode multicast, leading to a recommendation to proceed with a study on terrestrial broadcast in Rel-16, while leaving the standardization of mixed mode multicast / broadcast to further releases [1]. No broadcast / multicast feature support is specified in the first two NR releases, i.e. Rel-15 and Rel-16. Nevertheless, according to Rel-17 WID on the support of NR Multicast and Broadcast Services [1], there are important use cases for which broadcast / multicast could provide substantial improvements, especially in regard to system efficiency and user experience. 
The Rel-17 WID includes two RAN1 lead objectives to: 
· Specify a group scheduling mechanism to allow UEs to receive Broadcast / Multicast service [RAN1, RAN2].
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· Specify required changes to improve reliability of Broadcast / Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application / service provided. [RAN1, RAN2]
Discussions on the MBS WID have started at RAN1#102-e meeting and several agreements are made [2]. Regarding reliability improvements, following points are agreed:
· HARQ-ACK feedback is to be supported for RRC_CONNECTED UEs for multicast, without additional evaluation. Moreover, the detailed HARQ-ACK feedback solutions, such as ACK / NACK based or NACK-only based are left open for further study (FFS). 
· Optionally disabling / enabling HARQ-ACK feedback is left FFS. 
· At least the support of slot-level repetition for group-common PDSCH for RRC_CONNECTED UEs is agreed, where enhancements are left FFS. 
· Existing CSI feedback of unicast transmission is agreed to be used for multicast transmission for RRC_CONNECTED UEs, where further enhancements are FFS.
In this document, we provide explanations, observations, proposals and simulation results for the items left FFS.
In section 2, we discuss detailed HARQ-ACK feedback solutions, and compare the performance of the solutions via system-level simulations and calculations. Moreover, we provide simulation results on slot-level group-common PDSCH repetitions, along with proposals for enhancements supported by the simulation results. In addition, we discuss other open issues regarding reliability improvements, such as setting the BLER target and enabling / disabling of HARQ. 
In section 3, we conclude the document by presenting the summary of the main ideas. 
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[bookmark: _Ref53344354]Detailed HARQ-ACK Feedback Solutions
In RAN1#102-e meeting, the following agreements are made [2]:

· For RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast and no additional evaluation is needed to justify this.
· FFS: The detailed HARQ-ACK feedback solutions, e.g., ACK / NACK based, NACK-only based.

· For RRC_CONNECTED UEs, existing CSI feedback can be used for multicast transmission.
· FFS: whether enhancement is needed 

This section focuses on the detailed HARQ-ACK feedback solutions, discusses the advantages and disadvantages of the proposed HARQ-ACK feedback schemes and presents—supported by system-level simulations—our view on which solution we see as superior for UEs in RRC_CONNECTED mode in terms of reliability. In addition, this section also illustrates the need for modifications on existing CSI feedback mechanisms of unicast when using CSI reporting for multicast. 
In RAN1#102-e meeting, some companies have reported during e-mail discussions [3] that in case group-common PDCCH based scheme is used to schedule PTM transmission, the gNB can allocate group-common resources for ACK and NACK separately, so that the UEs in the PTM group that provide feedback can use either the common ACK or the common NACK PUCCH resources to indicate whether they have successfully decoded the sent TBs or not. We believe that group-common ACK in addition to a group-common NACK is not beneficial, considering that the retransmissions can be triggered using NACK-only group-common PUCCH resources without any need for ACK feedback, since the gNB cannot differentiate which UEs have sent ACK and NACKs when common resources are used. 
Observation 1: Group-common ACK feedback, in addition to group-common NACK feedback is not beneficial, since the retransmissions can be triggered using NACK-only group-common PUCCH resources without any need for ACK feedback, and the gNB cannot differentiate which UEs have sent ACKs in order to obtain information about UEs’ reception qualities individually.
On the other hand, ACK / NACK feedback on UE-specific PUCCH resources provides additional information to the gNB compared to group-common feedback schemes, such that the gNB can obtain information about UEs’ reception qualities individually, such as their current error rate under a certain amount of time, which the gNB can use for processes such as link adaptation (LA). 
Important pros and cons of ACK / NACK based HARQ feedback on UE-specific PUCCH resources and NACK-only based HARQ feedback on group-common PUCCH resources are summarized at Table 1.
[bookmark: _Ref53057532]Table 1 Comparison of ACK / NACK based HARQ feedback on UE-specific PUCCH resources and NACK-only based HARQ feedback on group-common PUCCH resources.
	Mechanism
	Pros
	Cons

	ACK / NACK based feedback on UE-specific PUCCH resources
	· gNB can differentiate between a decoding failure (DTX) and successful decoding at the UE, which leads to a more accurate prediction on UEs’ error rate that can assist better link adaptation.

· There is no need for additional CSI reporting, since the gNB can rely on ACK / NACKs for LA (See simulation results below for further justification). 

	· Does not scale well with increasing number of UEs in the PTM group, due to the required UE-specific PUCCH resources.


· When group-common PDCCH is used to schedule a group-common PDSCH transmission of PTM, as agreed in [2], additional mechanisms / techniques may be needed to schedule UE-specific orthogonal ACK / NACK resources, e.g. network can configure / reserve PUCCH resources for each UE in a semi-persistent fashion or a parallel UE-specific DCI can be used to schedule PUCCH resources.

	NACK-Only based feedback on group-common PUCCH resources
	· Scales well with increasing number of UEs, since sequence-based transmission, i.e. energy detection, can be used without configuring additional UE-specific PUCCH resources for UEs that join to the PTM group.

· May allow for high number of parallel PTM services.

· Both group-common and UE-specific PDCCH can be used without further configurations / mechanisms to indicate group-common feedback resources for all UEs in the PTM group.
	· Amount of information obtained by the gNB is less, e.g. the gNB cannot detect whether a decoding failure (DTX) or a successful decoding of PDSCH has occurred at individual UEs.

· The gNB cannot be aware of the error rates of individual UEs using group-common NACK resources without an additional mechanism.




In case NACK-only based HARQ feedback on group-common PUCCH resources is used, the gNB cannot be aware of the error rates of individual UEs, as state in Table 1, and would need an additional mechanism to perform efficient LA due to varying channel conditions of the UEs, since it cannot run a mechanism, such as outer loop link adaptation (OLLA) based on UE-specific ACKs and NACKs. We propose to use periodic CSI reporting in case NACK-only based HARQ feedback is used in order to perform efficient LA.
Observation 2: In case NACK-only based HARQ feedback on group-common PUCCH resources is used, the gNB needs an additional mechanism to perform efficient LA.
Proposal 1: In case NACK-only based HARQ feedback on group-common PUCCH resources is used as the feedback mechanism of multicast transmission, CSI reporting by the UEs is used to perform link adaptation.  
In our view, for PTM to a large group of UE audience, it would be enough for the UE to report a wideband channel quality indicator (WB-CQI) (limited to the bandwidth part (BWP) on which the PTM service is delivered) along with a rank indicator (RI) – if spatial multiplexing for PTM is supported by the system – for the gNB to perform the necessary link adaptation for the PTM transmission. However, existing definitions for NR unicast contain besides CQI and RI, at least also the CSI-RS indicator (CRI) based on which the CSI measurements are done conventionally. We propose that the CQI measurements are not done based on any (instantaneous) CSI-RS measurements, but rather be based on actual (time-averaged) BLER measurements at the UE, since CSI-RS measurements can be affected by instantaneous interference fluctuations based on which the gNB should not adapt its multicast transmission. Instead, our results (cf. below) indicate that it is better to only adapt the MCS slowly and rely on HARQ retransmissions to cater for fast fading fluctuations. Consequently, the CRI field can be saved in the CSI report for PTM. Thus, enhancements are needed on existing CSI reporting utilized for unicast transmission, to have more compact forms of a CSI report for PTM, where only a WB-CQI or WB-CQI along with an RI can be reported, depending on the system configuration.
Observation 3: Conventional CSI-RS measurement can be affected by instantaneous interference fluctuations, and therefore is not the bet metric for reporting back PTM transmission quality.
Observation 4: Instead of CSI-RS measurements, the UE can report a wideband channel quality indicator along with a rank indicator (RI) – if spatial multiplexing for PTM is supported by the system – for the gNB to perform the necessary link adaptation for the PTM transmission.
Proposal 2: When using NACK-only based HARQ feedback along with CSI reporting, CQI measurements are done based on actual (time-averaged) BLER measurements at the UEs, rather than (instantaneous) CSI-RS measurements.
Proposal 3: New compact CSI report formats are defined for multicast transmission, where only a CQI or CQI along with an RI can be reported, and these formats are used in CSI reporting when NACK-only based HARQ feedback on group-common PUCCH resources is used. 
Simulation evaluation of NACK-only feedback on group-common PUCCH resources with CSI feedback and ACK / NACK feedback on UE-specific PUCCH resources 
We have run system-level simulations to compare both methods’ performance in terms of L2 spectral efficiency (SE), i.e. data rate delivered from layer 2 to layer 3 divided by the amount of time-frequency radio resources, and packet loss rate (PLR). For detailed explanation on the performance metrics of our evaluation, one can refer to our previous contribution at RAN1#102-e [4]. The parameters used at simulations are summarized at Table 2 in the Appendix. 
In case ACK / NACK based HARQ feedback on UE-specific PUCCH resources is used, each UE sends an ACK / NACK for each TB sent by the gNB. The gNB then performs LA using the SINR estimation computed based on the ACK / NACK feedback sent by the UEs in order to optimize subsequent PTM transmissions and retransmissions. The key difference of the solution than the NACK-only based option is that CSI reporting is not needed.
In case NACK-only based HARQ feedback on group-common PUCCH resources is used, each UE sends a periodic CSI report, including a CQI. As proposed at Proposal 3, the CQI reported by the UE is not based on CSI-RS measurements, but rather the reported CQI is in fact directly based on actual measurements of the targeted reliability, i.e. UE computes the SINR estimate based on successful and erroneous receptions of the PTM transmission and maps the estimated SINR to the corresponding CQI according to the BLER target of the service. 
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[bookmark: _Ref53343701]Figure 1 PTM SE per cell for NACK-only based HARQ feedback on group-common PUCCH resources for different CSI reporting periods, and for ACK / NACK based HARQ feedback on UE-specific PUCCH resources.
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[bookmark: _Ref53343729]Figure 2 PTM PLR for NACK-only based HARQ feedback on group-common PUCCH resources for different CSI reporting periods, and for ACK / NACK based HARQ feedback on UE-specific PUCCH resources.
Figure 1 illustrates the performance of the system in terms of SE when using the proposed feedback mechanisms. It can be observed that with a CSI reporting period of ~100-500ms, the performance of the NACK-only based HARQ feedback on group-common resources is practically the same as that of the ACK / NACK based approach. When the CSI reporting period is 1.5s, or 2s, significant degradation can be observed especially on the mid-to-lower end of the CDF of NACK-only based approach compared to ACK / NACK based feedback mechanism, since the gNB cannot adapt to the changing channel conditions of the UEs in PTM group.
Figure 2 shows the performance of the system in terms of PLR when using different feedback mechanisms. Conclusions are similar to the ones inferred from the SE results. Again, there are practically no differences in case the CSI reporting period is ~100-500ms on NACK-only approach, compared to ACK / NACK based approach. In addition, for all simulation configurations, more than 95% of the UEs have less than 1% of BLER, satisfying the common BLER criterion of the public safety and mission critical use case, which is the target use case that the WID proposes to be prioritized [1].
Observation 5: When the simulations are performed using the provided assumptions, with CSI reporting period of ~100-500ms, the performance of the NACK-only based HARQ feedback on group-common resources is practically the same as that of the ACK / NACK based approach that does not use CSI reporting.
Observation 6: When the simulations are performed using the provided assumptions, for all simulation configurations, more than 95% of the UEs have less than 1% of BLER, satisfying the common BLER criterion of the public safety and mission critical use case.
[bookmark: _Ref54190956]Calculations on PUCCH resource consumption for NACK-only based HARQ feedback on group-common PUCCH resources with CSI feedback and ACK / NACK based HARQ feedback on UE-specific PUCCH resources
In this section, we provide some calculations based on basic assumptions to compare PUCCH resource consumption of NACK-only feedback on group-common PUCCH resources and ACK / NACK feedback on UE-specific PUCCH resources.
According to [5], the bitwidth of the WB-CQI consists of 4 bits and the bitwidth of the RI is at most 1 bit, in case at most rank-2 transmission in PTM is assumed, independent of the codebook type of the UCI. Therefore, we assume that 5 bits are needed for the new compact CSI report that we proposed to be used. In addition, we assume that 1-bit group-common PUCCH resource is used by all the UEs in the PTM group to provide their NACK feedback at each TTI, when NACK-only feedback is used. In case ACK / NACK feedback is used, we assume that 1-bit UE specific PUCCH resource is used by each UE in the cell that is providing feedback in each TTI.
Using the assumptions shared above, the aggregated PUCCH data rate needed for each mechanism are as shown in Figure 3 and Figure 4. As in simulation assumptions, we assume that there are on average 20 UEs per cell in the system that the gNB provides multicast transmission.
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[bookmark: _Ref53343934][bookmark: _Ref53412827]Figure 3 PUCCH resources needed when ACK / NACK based HARQ feedback is used on UE-specific PUCCH resources for different number of reporting UEs.
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[bookmark: _Ref53344053]Figure 4 PUCCH resources needed when NACK-only based HARQ feedback is used on group-common PUCCH resources for different CSI reporting periods and for different number of reporting UEs.
Figure 3 shows the PUCCH consumption of UE-specific ACK / NACK based scheme. In case all UEs in the PTM group provide ACK / NACK feedback, it is expected that 20kbit/s would be needed (we assume that all UEs would be providing the feedback, since there are no other means, such as CSI reporting, for the gNB to understand channel conditions of the UEs in the PTM group). On the other hand, Figure 4 illustrates the PUCCH consumption of the NACK-only based feedback scheme, for different CSI reporting periods. If all the UEs in the PTM group provide periodic CSI reports with a period of 100ms (simulation results at Sec. 2.1 indicate that with 100ms CSI reporting period, NACK-only based scheme has practically the same performance with ACK / NACK based scheme), ~2kbit/s would be needed. Moreover, the gNB can implement a more elaborate scheme, such that N UEs with the worst channel conditions provide CSI report, to save PUCCH resources that would otherwise be assigned to the other 20 – N UEs, since anyway the link adaptation is performed based on the worst UE in the group. In that case, PUCCH resource consumption can even decrease to ~1kbit/s when 100ms reporting period is used. 
Observation 7: With 20 UEs per cell and PTM transmission in every TTI, ~2kbit/s is needed on PUCCH when NACK-only based HARQ feedback scheme is used and when all UEs report CSI, whereas ~20kbit/s is needed on PUCCH when ACK / NACK based HARQ feedback scheme is used. With a more elaborate scheme, PUCCH resource need for the NACK-only based scheme can further decrease to ~1kbit/s.
In order for N UEs to send CSI reports, rather than all the UEs in the cell, the gNB can configure the UEs with a reliability target (e.g. a BLER target), so that when the UE’s reliability criterion is not satisfied, the UE can start sending (periodic) CSI reports, upon receiving PUSCH resources after sending a scheduling request. That way, only the UEs in worst channel conditions are configured to report CSI, which are indeed the measurements that are used in link adaptation even when all UEs report CSI.
Based on the outcome of the simulations, calculations and discussions provided in this document, we propose that NACK-only feedback on group-common PUCCH resources with CSI reporting is used as the HARQ-ACK feedback solution to PTM transmission in NR for UEs in RRC_CONNECTED mode. 
Proposal 4: NACK-only feedback on group-common PUCCH resources along with CSI reporting is used as the HARQ-ACK feedback solution for PTM operation for UEs in RRC_CONNECTED mode. 
In case NACK-only feedback on group-common resources with CSI reporting is used, some UEs in the PTM group that have bad channel conditions may send significant amount of NACKs on group-common feedback resource, leading to degradation of the overall SE of the PTM group, and even leading to a situation where requirements of the PTM service cannot be met by the UEs in very good channel conditions. In that case, those UEs shall not be permitted to utilize group-common NACK resource. This case needs further consideration by the RAN1 group.
Slot-Level Repetitions
In RAN1#102-e meeting, the following agreement is made [2]:

· For RRC_CONNECTED UEs, at least support slot-level repetition for group-common PDSCH. 
· FFS: whether enhancement is needed

We have evaluated the performance of the system via system-level simulations, again using the simulation assumptions shared at Table 2 in the Appendix, when slot-level repetitions for group-common PDSCH are used for multicast transmission. In addition to blind transmissions with different redundancy versions (slot-level repetitions that are not triggered by feedback from the UEs), we also provide simulation results for the configuration where the slot-level repetitions can be followed by HARQ-feedback based retransmissions, where in total at most 8 HARQ transmissions are allowed for a TB, e.g. 4 blind transmissions can be followed by at most 4 more HARQ retransmissions triggered by NACKs from the UEs. In addition to SE and PLR, we also provide HARQ feedback rate per TB for different schemes, since the key motivation of using blind transmissions is to obtain reduction in PUCCH consumption, as the UEs are not expected to provide UL feedback for the first Nblind-1 blind transmissions when using Nblind blind transmissions in the system.
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[bookmark: _Ref53346131]Figure 5 PTM SE per cell for the system with 4 and 5 blind slot-level transmissions, 4 blind transmissions followed by up to 4 HARQ feedback triggered retransmissions, and system with at most 8 HARQ feedback triggered transmissions without blind transmissions.
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[bookmark: _Ref53347115]Figure 6 PTM PLR for the system with 4 and 5 blind slot-level transmissions, 4 blind transmissions followed by up to 4 HARQ feedback triggered retransmissions, and system with at most 8 HARQ feedback triggered transmissions without blind transmissions.
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[bookmark: _Ref53346064]Figure 7 HARQ feedback rate per TB for the system with 4 blind transmissions followed by up to 4 HARQ triggered retransmissions, and system with at most 8 HARQ triggered transmissions without blind transmissions.
Figure 5 illustrates that when 4 and 5 blind transmissions are used that are not followed by further HARQ based retransmissions, SE is significantly worse compared to the configuration where up to 8 HARQ based transmissions are performed based on UL feedback from the UEs (fully adaptive scheme), because the MCS has to be selected more conservatively to meet the residual BLER target of 1%. The motivation behind configuring 4 and 5 as the number of blind transmissions is our observation from the simulations that around ~70-80% of the transmissions are retransmissions when fully adaptive scheme is used. Moreover, PLR of the blind transmission-based schemes without HARQ feedback triggered retransmissions are worse than the fully adaptive scheme, as seen from Figure 6.
Observation 8: When blind transmissions with different redundancy versions are used that are not followed by further adaptive HARQ-based retransmissions, the performance of the system in terms of SE and PLR is significantly worse than in the case where only adaptive HARQ-based retransmissions are used.
On the other hand, Figure 5 shows that when 4 blind transmissions are followed by up to 4 HARQ feedback-based retransmissions, the performance of the system is practically the same with fully adaptive scheme, except the upper end of the CDF curve. The reason for the degradation in the performance for higher SE values is that for some transmissions, even 4 blind transmissions are not needed, where the UEs are in good channel conditions and do not require 3 retransmissions. Adaptation of Nblind could of course be an implementation option. Furthermore, there are practically no differences in terms of PLR, as seen from Figure 6, as well.
Figure 7 shows that HARQ feedback rate per TB is significantly smaller when 4 blind transmissions are followed by at most 4 retransmissions based on feedback provided by the UEs in the PTM group, compared to the fully adaptive scheme.
Observation 9: When blind transmissions with different redundancy versions are followed by further adaptive HARQ-based retransmissions, the performance of the system in terms of SE and PLR is practically equal to that of the case where only adaptive HARQ-based retransmissions are used. Moreover, significant reduction in HARQ feedback rate per TB is observed.
According to our simulation results, having blind slot-level transmissions without further HARQ feedback triggered retransmissions degrades the performance of the system, compared to fully adaptive scheme, although there would be gains in terms of PUCCH resource consumption. Moreover, when blind transmissions are combined with adaptive retransmissions, the system performs nearly as well as the fully adaptive retransmissions scheme, along with significant decrease in PUCCH resource consumption. Therefore, we propose to have mixture of blind slot-level transmissions, followed by adaptive retransmissions.
Proposal 5: Slot-level blind transmissions with different redundancy versions are followed by adaptive HARQ feedback-based retransmissions, in order to reduce PUCCH resource consumption without decreasing the performance of the system significantly compared to fully adaptive scheme with only adaptive HARQ-based retransmissions.
BLER Target
Conventional approach on setting the BLER target for PTP transmissions is to configure an iBLER that is much higher than the BLER requirement of the service, and let retransmissions provide a residual BLER that satisfy the service requirement. We performed simulations to compare the performance of the system when different iBLER targets are configured, as well as when an rBLER (residual BLER, the BLER after retransmissions have been accounted for) target is set.
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[bookmark: _Ref53502766]Figure 8 PTM SE per cell with different AMC criteria.
Figure 8 illustrates the system performance in terms of SE when different HARQ BLER targets are used in the system, i.e. 30% iBLER, 80% iBLER and 1% rBLER. It is observed that the usage of rBLER brings gains in terms of SE, compared to the conventional configuration of iBLER for PTP. Therefore, we propose that the rBLER target should be used, instead of an iBLER target.
Observation 10: The usage of rBLER brings gains in terms of SE, compared to usual configuration of iBLER for PTP.
Proposal 6: For PTM, an rBLER target is used, instead of an iBLER target.
Of course, sending of multiple HARQ transmissions—in particular when done dynamically based on explicit request—takes time and may be limited by a service’s delay budget. Furthermore, services may have diverse requirements in terms of reliability. Considering the large differences in achievable spectral efficiency depending on the allowed number of HARQ transmissions and link adaptation tuned to not overfulfill the reliability target, we propose that PTM CQI reporting as introduced above is not only based on a configurable BLER target, but additionally on a number NHARQ,CQI of HARQ transmissions per transport block after which the BLER should be measured, e.g. when NHARQ,CQI is equal to the maximum number of feasible HARQ transmissions, together with the residual BLER target as PTM-CQI configuration.
Proposal 7: The configuration for CQI reporting for PTM is extended to include not only the reliability target but also the number of HARQ transmissions per transport block after which the reliability target should be met.
Enabling / Disabling HARQ FB
In RAN1#102-e meeting, the following agreement is made [2]:
· For RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast and no additional evaluation is needed to justify this.
· FFS: HARQ-ACK feedback can be optionally disabled and / or enabled.

In this section, we provide we provide our view on optionally enabling / disabling HARQ feedback.


Although significant gains are introduced by HARQ, in our view, at least there are some cases where HARQ-ACK feedback of the UEs can be disabled by the gNB, and may be re-enabled after a while, for a better utilization of the resources. 

As stated in Sec. 2.1.2, when using group-common NACK-only feedback with CSI reporting, some UEs that are in bad channel conditions may significantly reduce the overall SE of the PTM group by requesting excessive amount of retransmissions. The gNB should be able to disable their HARQ-ACK feedback mechanism, and take special measures for those UEs. Moreover, even the UEs themselves may need to disable their feedback mechanism, based on configurations of the gNB. In addition, the gNB (and even the UEs themselves) should also be able to enable the HARQ-ACK feedback mechanism of the UEs whose feedback mechanisms were previously disabled, when needed.

On the other hand, when using UE-specific ACK / NACK based feedback, the gNB can detect that some UEs are in very good channel conditions, and can decide on disabling those UEs’ HARQ-ACK feedback mechanism, in order to use their PUCCH resources elsewhere.

Observation 11: Although significant gains are introduced by HARQ, as indicated by our simulation results, there are cases where disabling HARQ-ACK feedback of at least some of the UEs provides gains on the performance of the system. 

Proposal 8: HARQ-ACK feedback can be optionally disabled and / or enabled per UE.


Conclusions
In this contribution, we have discussed various aspects of simulations for this WI. From those discussions we have the following observations:
Observation 1: Group-common ACK feedback, in addition to group-common NACK feedback is not beneficial, since the retransmissions can be triggered using NACK-only group-common PUCCH resources without any need for ACK feedback, and the gNB cannot differentiate which UEs have sent ACKs in order to obtain information about UEs’ reception qualities individually.
Observation 2: In case NACK-only based HARQ feedback on group-common PUCCH resources is used, the gNB needs an additional mechanism to perform efficient LA.
Observation 3: Conventional CSI-RS measurement can be affected by instantaneous interference fluctuations, and therefore is not the bet metric for reporting back PTM transmission quality.
Observation 4: Instead of CSI-RS measurements, the UE can report a wideband channel quality indicator along with a rank indicator (RI) – if spatial multiplexing for PTM is supported by the system – for the gNB to perform the necessary link adaptation for the PTM transmission.
Observation 5: When the simulations are performed using the provided assumptions, with CSI reporting period of ~100-500ms, the performance of the NACK-only based HARQ feedback on group-common resources is practically the same as that of the ACK / NACK based approach that does not use CSI reporting.
Observation 6: When the simulations are performed using the provided assumptions, for all simulation configurations, more than 95% of the UEs have less than 1% of BLER, satisfying the common BLER criterion of the public safety and mission critical use case.
Observation 7: With 20 UEs per cell and PTM transmission in every TTI, ~2kbit/s is needed on PUCCH when NACK-only based HARQ feedback scheme is used and when all UEs report CSI, whereas ~20kbit/s is needed on PUCCH when ACK / NACK based HARQ feedback scheme is used. With a more elaborate scheme, PUCCH resource need for the NACK-only based scheme can further decrease to ~1kbit/s.
Observation 8: When blind transmissions with different redundancy versions are used that are not followed by further adaptive HARQ-based retransmissions, the performance of the system in terms of SE and PLR is significantly worse than in the case where only adaptive HARQ-based retransmissions are used.
Observation 9: When blind transmissions with different redundancy versions are followed by further adaptive HARQ-based retransmissions, the performance of the system in terms of SE and PLR is practically equal to that of the case where only adaptive HARQ-based retransmissions are used. Moreover, significant reduction in HARQ feedback rate per TB is observed.
Observation 10: The usage of rBLER brings gains in terms of SE, compared to usual configuration of iBLER for PTP.
Observation 11: Although significant gains are introduced by HARQ, as indicated by our simulation results, there are cases where disabling HARQ-ACK feedback of at least some of the UEs provides gains on the performance of the system. 
According to those observations we have the following proposals:
Proposal 1: In case NACK-only based HARQ feedback on group-common PUCCH resources is used as the feedback mechanism of multicast transmission, CSI reporting by the UEs is used to perform link adaptation.  
Proposal 2: When using NACK-only based HARQ feedback along with CSI reporting, CQI measurements are done based on actual (time-averaged) BLER measurements at the UEs, rather than (instantaneous) CSI-RS measurements.
Proposal 3: New compact CSI report formats are defined for multicast transmission, where only a CQI or CQI along with an RI can be reported, and these formats are used in CSI reporting when NACK-only based HARQ feedback on group-common PUCCH resources is used. 
Proposal 4: NACK-only feedback on group-common PUCCH resources along with CSI reporting is used as the HARQ-ACK feedback solution for PTM operation for UEs in RRC_CONNECTED mode. 
Proposal 5: Slot-level blind transmissions with different redundancy versions are followed by adaptive HARQ feedback-based retransmissions, in order to reduce PUCCH resource consumption without decreasing the performance of the system significantly compared to fully adaptive scheme with only adaptive HARQ-based retransmissions.
Proposal 6: For PTM, an rBLER target is used, instead of an iBLER target.
Proposal 7: The configuration for CQI reporting for PTM is extended to include not only the reliability target but also the number of HARQ transmissions per transport block after which the reliability target should be met.
Proposal 8: HARQ-ACK feedback can be optionally disabled and / or enabled per UE.
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Appendix
In this section, we provide system-level simulation assumptions that we used in the evaluations.
Table 2 Main simulation parameters
	Carrier frequency
	4 GHz

	Duplexing
	FDD

	Simulation BW
	20 MHz

	Subcarrier spacing
	15 kHz

	Number of symbols per slot
	14

	Cellular layout
	Hexagonal grid, 3 cell sites

	Number of TRxPs per site 
	3

	Number of antenna elements per TRxP
	32 cross-polarized antenna elements (M,N,P,Mg,Ng;Mp,Np) = (8,4,2,1,1;1,4)

	Number of TxRUs per TRxP
	4 TxRUs per polarization

	Number of antenna elements and TxRUs per UE
	2 cross-polarized antennas and 2 TxRUs per polarization

	Transmit power per TRxP
	44 dBm

	BS mechanical / electrical tilt
	90o in GCS / 110o in LCS

	BS antenna height
	25 m

	UE antenna height
	1.5 m 

	BS / UE antenna gain
	14 dBi / 0 dBi

	BS / UE noise figure
	5 dB / 9 dB

	Wrapping around model
	Geographical distance based

	Device deployment
	100% outdoor

	Mobility model
	Fixed speed of all UEs, randomly and uniformly distributed direction

	UE speeds of interest
	3 km/h

	Pathloss and fast fading model
	UMa

	UT attachment 
	Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0

	Guard band ratio
	6.4 %

	UE receiver type
	LMMSE-IRC

	Channel estimation
	Non-ideal

	Waveform
	OFDM

	Data traffic model
	DL constant bit rate (CBR) traffic 8 Mbit/s, full buffer for PTP background traffic

	MIMO scheme
	Fixed rank 1, PMI cycling using LTE codebook for 8 antenna ports

	Retransmissions
	PTM, no additional PTP support	

	BLER target
	1% rBLER

	Maximum number of HARQ retransmissions
	7 (in total maximum 8 HARQ transmissions for a TB)

	Number of UEs in PTM group per cell
	20 UEs
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