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In RAN plenary #86, the work item on Enhanced Industrial Internet of Things (IIOT) and URLLC Support was agreed [1]. One of the main objectives of the work item is to 
“Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI”
  
In this contribution, the enhancement on HARQ-ACK is discussed. 
[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]HARQ-ACK feedback with additional info
Reliability requirement in URLLC traffic are in the order of 10-5 to 10-6 for most use cases. This situation is significantly different from the traditional voice or data traffic for which typically the reliability (packet error rate, PER) requirement is in the order of 10-2 to 10-3. This implies that errors are expected to be infrequent and when an error occurs, it is due to an unusual situation, e.g. beam blocking at higher frequencies, or high other cell interference. Hence, the goal of HARQ within URLLC should be two-fold:
· continuous link monitoring from both peers and extra feedback for errors prediction and prevention
· feedback on the appropriate radio link adaptation action upon errors for the avoidance of consecutive errors

In addition, in IIOT there are several use cases in which the latency requirements range from few ms up to 500 µsec, e.g. 2 ms up to 0.5 ms for motion control systems (Table 5.3.2.1-1 in [2]), implying that this feedback has to be quick.
Support of Additional Info to HARQ-ACK Feedback
Due to the high reliability requirement of URLLC, the traditional ACK/NACK provided by HARQ can be with some additions useful in detecting and preventing future errors. In addition, together with NACK, the UE can inform gNB the cause of the error and recommended link adaptation actions. This would be beneficial for both FR1 and FR2. In FR2, extra reason can be provided for the PDSCH failure due to beam blocking, which is one major source for failures in FR2. In the following subsections, individual additional info that can be reported together with A/N feedback will be described. 
Feedback per TRP Quality in mTRP
In case of mTRP, UE can report PDSCH decoding result per TRP in addition to the final decoding result by combining the PDSCH repetitions from both TRPs. Based on the decoding result per TRP, gNB may quickly identify and replace a TRP of poor link quality with another TRP, e.g. when a TRP has X consecutive decoding failures. Figure 1 shows the single DCI based mTRP, where a single DCI schedules PDSCH repetitions from two TRPs. In this case, UE can report decoding result per TRP in addition to the final decoding result. 


[bookmark: _Ref47723347]Figure 1: Single DCI based mTRP.
Feedback per Beam  
In case of multi-beam transmission in FR2, the UE can transmit HARQ feedback per beam or for a subset of beams. Suppose a UE receives 2 different beams from the same TRP at subsequent slots, both beams carry repetitions for the same PDSCH, and both beams are correctly received. The SINR from the second beam is much higher than the SINR from the first beam. The UE preference for the second beam can be indicated together with ACK. In the example described here, SINR can be measured either on PDSCH DMRS from the two different beams, or it can be computed from PDCCH DMRS if PDCCH is transmitted by different beams.
In another example, even in case of single beam transmission, the UE can perform CSI-RS measurements on other beams and the UE can indicate its preference for another beam different from the currently used beam, either for future new packets or for retransmission of pending packets. In this case, the benefit from this proposal compared to existing CSI reporting is that: 
i) the latency of the feedback can be shorter compared to e.g. periodic or semi-periodic reporting
ii) the signaling overhead can be smaller compared to the case in which a whole set of CSI measurements for various beams is reported.

This type of feedback can be used by the network for replacement of low SINR beams.
In this case as well, reporting per beam can be limited to a small number of beams, limiting thus the overhead.
Preferred Component Carrier (CC)  
In case of multi-carrier communication, UEs can report their preferred CC. This preference can be based on CSI-RS measurements on various carriers. The benefit is signaling overhead reduction compared to the UE reporting CSI measurements. In some cases, benefits in latency might be achieved.
Preferred Subband  
UEs can report preferred subbands, similarly as the UE can report preferred CC or beam. The benefit as in the other cases, is lower overhead and quicker feedback. Preferred subband indication can be based on CSI RS measurements.

PDSCH Decoding Failure Reason and Suggested Radio Link Adaptation  
In case of PDSCH decoding failure, UEs can report why the PDSCH decoding failed and the UE can suggest the appropriate radio link adaptation. 
Decoding of PDSCH can fail due to several reasons, e.g. the UE might experience other cell interference, or frequency selective fading in the PDSCH subbands, or the beam used might be blocked. The appropriate radio link adaptation is different depending on the reason for PDSCH decoding failure; e.g. in case of beam blocking, the retransmission will be successful with a new beam. Or in case of other cell interference in the PDSCH subbands, the retransmission will be successful if done in other subbands (not affected by other cell interference).
More details on this proposal can be found at the contribution for CSI enhancements.
Request for CSI RS Measurements  
In some situations the UE might request CSI RS measurements on the new Tx-Rx beam pair, upon autonomous change of Rx beam. The UE changes its Rx beam autonomously due to movement or rotation for example. The UE has to report this Rx beam change to the network and request CIS measurements on the new Tx-Rx beam pair. More details can be found in the CSI Enhancements contribution.
Additional Information Reporting
This additional to traditional HARQ information can be transmitted via existing PUCCH formats, depending on the additional information to be transmitted jointly with HARQ and depending on the PUCCH format used. For example, reporting measurements related to the PDSCH decoding failure and a suggested radio link adaptation might not be feasible with PUCCH formats 0 and 1. In these cases, additional to HARQ information can be reported with a second UCI at a later PUCCH or PUSCH. Hence the overall feedback – HARQ ACK/NACK and additional information-is transmitted in two stages. 
2-Stages HARQ and Additional Information Feedback
The first stage UCI can be identical to the Release 16 UCI for the sake of continuity with specifications. In this case the decoding of 1st stage HARQ is identical as in Release 16. Eventually, a new bit can be appended to the existing UCI indicating that a second stage feedback is going to be transmitted.
Another option for the 1st stage feedback is that there is a limited number of configurations from which the UE can choose and which the network will attempt to decode.
The benefit of this 2-stages HARQ feedback is that adding more information in the Rel.16 HARQ does not require modifications of PUCCH formats (for the 1st stage). In addition, it is a solution allowing for modularity and it is scalable.
Proposal 1: Investigate the types of additional information which can be transmitted jointly with Rel. 16 HARQ ACK/NACK. The potential multiple types of information can be transmitted together with HARQ-ACK in 1 stage or 2 stages.
Fast MCS/CQI feedback based on PDSCH decoding 
In order to achieve the 1e-5 BLER, traditional link adaptation schemes based on outer loop + CSI feedback do not seem to meet the reliability requirement, because they cannot track the channel fading and interference fast enough to meet the 1e-5 residual BLER target. In a conventional link adaptation scheme, targeting e.g., 10% error rate, we can have the following, as an example,

with  
where  is the SNR derived based on the previous reported CQI by the UE, and  is the SNR outer loop driving by HARQ-ACK feedback.  in case feedback is ACK;  in case feedback is NACK. =0 in case of feedback is ACK;  in case of feedback is NACK. Finally,  is the step size.
The problem of the traditional outer loop is that the outer loop is driven by HARQ-ACK feedback with a certain step size and it is not agile enough to catch up with channel/interference variation, unless with a huge step size. When channel gets into a sudden deep fading,  as shown in the following left subfigure of Figure 2, around slot 7690, the outer loop needs a few consecutive NACKs to push down the  to catch up with the channel fading. With a few NACKs, the URLLC 1e-5 BLER requirement is already violated. 
There are following a few potential solutions to resolve this issue. 
· Boosting Tx power/operating SNR 
· Unfortunately, boosting the Tx power/operating SNR does not seem to work. On the contrary, boosting SNR can make things even worse. As shown in the following right subfigure of Figure 2, residual BLER actually increases with SNR. This is a little counter intuitive, but it can be justified as following. Boosting SNR actually pushed the  to its cap value. When channel falls into a deep fading state, it needs more NACKs to push down the outer loop. 
· Increase step size in outer loop
· This can help but cannot fully solve the problem. Unless NACK step size is set to 9999 times of ACK step size, relying on larger step size in outer loop cannot guarantee 1e-5 BLER.  However, setting step size of NACK 9999 times of ACK is effectively setting MCS to MCS 0 all the time, regardless of the channel conditions. This is a conservative approach at the gNB , but it is not an efficient way to support URLLC service and the required number of allocated resourced (or power) will increase significantly. 
· UE provides fast instantaneous MCS/CQI feedback 
· If the UE can feedback instantaneous CQI in every slot,thengNB can react to the channel deep fading immediately and lower the MCS of ReTx  to the correct MCS based on the instantaneous CQI feedback, to guarantee the residual BLER <= 1e-5 for ReTx . 
In summary, based on the above analysis and simulation results, UE providing fast instantaneous MCS/CQI feedback is the most appealing solution for link adaptation for URLLC. Therefore, we make the following observations: 
Observation 1: URLLC link adaptation needs fast and instantaneous MCS/CQI feedback (ideally per slot/sub-slot) to achieve the target 1e-5 residual BLER. 

[bookmark: _Ref47546819]Figure 2: Conventional outer-loop based link adaptation performance
There are in general three approaches for UE to provide fast instantaneous MCS/CQI report
· Approach 1: gNB configures very dense CSI-RS (ideally every slot/sub-slot) and ask UE to report CQI very frequently (ideally every slot/sub-slot) to do link adaption. 
· Approach 2: UE feedback MCS/CQI information based on PDSCH decoding. 
· Approach 3: gNB configures very dense SRS to facilitate fast link adaptation. 

First of all, approach 3 requires heavy SRS on UL which increase UL RS overhead significantly. Secondly, in TDD, due to U/D pattern, SRS transmission in every slot is not feasible in practice. Therefore, approach 3 is the least attractive approach. Comparing approach 1 and approach 2, the UL feedback overhead is almost the same. But approach 1 requires very dense CSI-RS resource configuration on DL, which imposes intensive overhead on DL. Approach 2 can generate MCS/CQI based on PDSCH decoding information such as averaged post MMSE SNR on data tones and/or LLRs, which does not need very dense CSI-RS to measure the channel. Another advantage of approach 2 is the availability to achieve fast and instantaneous CQI feedback, because the LLRs and/or post MMSE SNR values are already available from PDSCH decoding. UE just need to derive a MCS/CQI value from them, which should be relatively simple. On the other hand, feedback CQI based on CSI-RS requires additional channel estimation based on CSI-RS, which may delay the CSI report timeline and increase UE implementation complexity. 
 Observation 2: PDSCH decoding based instantaneous MCS/CQI feedback is an appealing approach to achieve 1e-5 BLER. 

[bookmark: _Ref47535221]Figure 3: An example of using 1 ReTx to meet 1ms URLLC latency requirement
Following the above observations, we illustrate a scheme which provides instantaneous fast MCS/ feedback based on PDCCH decoding. The scheme aims to achieve 1e-5 BLER within 2 transmissions, i.e., 1st transmission and retransmission. A timeline analysis illustrated in Figure 3 demonstrates that 2 transmissions can be fit into the URLLC delay requirement of 1 ms in FR1 with 30K SCS. In FR2, given larger SCS and shorter OFDM symbols duration, meeting the 1ms latency requirement should not be an issue neither.  
With this scheme, as illustrated in Figure 4, in the first Tx, the gNB tries to achieve the 10% BLER based on the conventional link adaptation outer-loop. Together with the HARQ-ACK feedback, The UE feeds back some additional information, such as CQI, new precoder, preferred transmission rank, based on PDSCH decoding. For the simplicity of the discussion, in the following, we assume UE only feedback instantaneous CQI/MCS to help gNB to pick the appropriate MCS for the ReTx to achieve 1e-4 BLER. Combining the two transmissions, 1e-5 BLER can be achieved.  
[image: ]
[bookmark: _Ref47726135]Figure 4: A scheme to provide instantaneous CQI/MCS feedback
In this scheme, by UE implementation, the UE could utilize the information from post MMSE SINR on the 1st transmission PDSCH symbols, LLRs of PDSCH decoding, or other means, to derive the SINR the UE observes on PDSCH decoding. UE then converts the derived SINR to the corresponding spectral-efficiency (SPEF) value which will be quantized into a CQI and reported to the gNB. The gNB will use this instantaneous CQI to reconfigure the retransmission, given fixed TBS, through boosting the number of allocated resources and/or lower the modulation order. 
As mentioned before, comparing to the new scheme, base station can try to achieve 1e-5 via super conservative link adaptation. For example, for the ReTx, base station can apply a very aggressive SNR backoff blindly and expecting that can reach 1e-4 BLER for the 2nd transmission. In other words, without instantaneous CQI feedback, after base station obtains the  based on an outdated CQI feedback plus an offset from the outer-loop, base station can backoff the  by 30 dB for example and use the backed off SNR to determine RB allocation and modulation order for the retransmission. We refer this approach as “conventional approach with SNR back-off”. As expected, this conventional approach with SNR back-off might able to achieve 1e-4 BLER for the 2nd transmission at the cost of wasting RB and gNB transmission power. Furthermore, it is observed later in simulation, even with 22 dB backoff, this approach may not be able to guarantee 1e-4 BLER in the 2nd transmission (effectively 1e-5 residual BLER) at all operating SNRs. 
On the other hand, in the new scheme, since UE feeds back instantaneous CQI, base station can boost the RB allocation for ReTx in an appropriate amount such that the 1e-4 BLER in ReTx (effectively 1e-5 residual BLER) can be achieve without over-boosting the resource usage.  
The benefits of this new scheme can be summarized as following: 
· The new scheme is robust to channel variation, bursty interference, and inaccurate outer-loop, because UE feeds back instantaneous CQI information for the retransmission
· The new scheme achieves the 1e-5 residual BLER with efficient resource utilization

In the following, a set of simulation results are provided to compare the performance between the conventional scheme and the new scheme. In conventional scheme, SRS is transmitted every 5 slot to provide SNR estimation at gNB to obtain effectively .  is obtained by  with  driven by HARQ-ACK feedback. For the 1st transmission,  is used to determine the MCS. Both conventional scheme and the new scheme follow the same above procedure for 1st transmission. 
The different between the new scheme and conventional scheme is in retransmission after gNB received a NACK, 
· The conventional scheme applies a SNR backoff value, e.g., 20dB, on . Then use the backed off SNR to determine RB allocation and modulation order for retransmission of the TB.
· The new scheme uses the feedback instantaneous CQI to derive a , then utilizes  to determine RB allocation and modulation order for retransmission of the TB
 
Other simulation assumptions are captured in the following table.
Table 1: Simulation assumptions for comparison between the new and conventional scheme
	Parameter
	Value

	TBS
	256 bits (32 bytes)

	Channel
	TDL-C

	Channel Doppler
	11 Hz

	Channel Delay Spread
	300 ns

	#PDSCH Symbols
	9 (symbs 3 to 11)

	#DMRS Symbols 
	2 (symbs 3 and 11)

	BW/SCS
	100 MHz/30 kHz

	SRS periodicity 
	5 Slots



In the simulations, we simulated two scenarios. Scenario 1 is without bursty interference from other cell/UEs. Scenario 2 is with bursty interference from other cell/UEs. We assume burst interference with periodicity 14 slots and duration 4 slots. The interference to noise ratio is assumed 10dB in the simulations.
The performance comparison between conventional and new scheme are captured in Figure 5 and Figure 6, for interference free scenario.   
In Figure 5, we show BLER performance of the new scheme vs. the conventional scheme.  For the conventional scheme, we simulated it with backoff values of 15dB, 18dB, 20dB, and 22dB. It is observed that even with 22dB SNR backoff, the conventional scheme cannot achieve the target 1e-5 BLER at all the operating SNRs. On the other hand, with the new scheme, without the need for a backoff, can achieve the target 1e-5 BLER. Actually, in the whole simulation, with the new scheme, the residual BLER is zero across all simulated operating SNRs.
In Figure 6, we show that the number of RBs used for retransmission for the new scheme vs the conventional scheme. It can be observed that the new scheme uses much smaller number of RBs than the conventional scheme. The reason is the conventional scheme blindly backoff the SNR which is too conservative at most of the time. In other words, conventional scheme always over-dimension RBs for retransmission in most of the time. In Figure 6,  focusing on 0 dB as example, the new scheme, with achieving the target residual BLER, uses ~8 RBs in the second transmission while the smallest backoff in the conventional scheme to achieve the 1e-5 target residual BLER is 15 dB which uses 24 RBs, i.e., triple number of RBs.
In summary, conventional scheme may not able to guarantee 1e-5 target residual BLER at all operating SNR. Even at the operating SNR while it can achieve target BLER, the conventional scheme uses much more RBs than the new scheme. 
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[bookmark: _Ref47606928]Figure 5: BLER vs. SNR in an interference free scenario
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[bookmark: _Ref47606941]Figure 6: Average #RB vs. SNR in an interference free scenario
The performance comparison between conventional and new scheme are captured in Figure 7 and Figure 8, for scenarios with bursty interference.    
Similar conclusions as in the no-interference scenario are drawn here. First of all, conventional scheme may not be able to guarantee 1e-5 target residual BLER at all operating SNR. Even at the operating SNR while it can achieve target BLER, the conventional scheme uses much more RBs than the new scheme. For example, at 0 dB input SNR, the new scheme achieves the target residual BLER with almost 28 RBs while the conventional uses 45 RBs, with using the 18dB backoff to achieve the target residual BLER. At 15 dB operating SNR, the conventional scheme cannot even achieve 1e-3 BLER although it uses 1 RB allocation, which seems less than the new scheme. But the new scheme, can achieve the target residual BLER, with average RB allocation of 3.8 RBs, which is acceptable if we look at the absolute number of RBs rather than the relative number comparing to conventional approach. 
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[bookmark: _Ref47609004]Figure 7: BLER vs. SNR in a scenario of busty interference
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[bookmark: _Ref47609018]Figure 8: Average #RB vs. SNR in a scenario of busty interference
In summary, we can make the following observations based on the simulation results. 
Observation 3: PDSCH based instantaneous MCS/CQI feedback can maintain link adaptation to achieve URLLC BLER requirement with efficient RB usage. 
Based on the above discussion, we make the following proposal. 
Proposal 2: Support enhanced HARQ-ACK feedback including additional information (such as instantaneous CQI/MCS feedback) based on PDSCH decoding. 
Tri-state HARQ-ACK 
In NR Rel-15/16, there is no explicit feedback from UE to gNB to explicitly indicate PDCCH performance. For base station to adjust the PDCCH transmission related such as aggregation level (AL), REG location, precoding, and Tx power, one possible solution base station can take is to infer the PDCCH channel conditions based on CSI feedback for PDSCH. However, due to different coding scheme (LDPC for PDSCH and Polar for PDCCH), different DMRS pattern, different precoding, and different interference statistics between control and data, the inferred information may not accurately reflect the PDCCH channel condition. This may not be a big issue for eMBB service. For eMBB, gNB can issue dedicated DL grant from time to time to trigger single bit HARQ-ACK feedback and perform DTX/ACK/NACK tri-state detection on the HARQ-ACK PUCCH resource. Based on the tri-state detection performance, base station can adjust the PDCCH Tx related parameters accordingly to meeting the 1e-2 PDCCH performance target. We can refer this as an “implicit” PDCCH link adaptation based on infrequent training DL grants. 
However, for URLLC service, the above implicit PDCCH link adaptation based on infrequent training DL grant may not work because the feedback is not frequent enough. Base station can aggressively send these training DL grant very frequently, e.g., every slot, at the cost of unnecessary DL control overhead. Even base station is willing to take this cost, this may not work, due to the following reasons
· Too many DL training DL grant transmissions cause PDCCH blocking. 
· UL is typically resource limited due to PUCCH sent only on PCC and the asymmetric UL/DL TDD configuration. Therefore, the HARQ-ACK for the PDSCH scheduling by these training DL grants will typically overlap with each other or overlap with feedback for nominal DL traffic. In this case, UE cannot transmit DTX for the missed DCI. Following the DAI for type 2 codebook, or following the TDRA table for type 1 codebook, UE has to put a dummy NACK in the HARQ-ACK codebook for the missed DCI, as shown in Figure 9. On base station side, base station cannot distinguish the NACK is a true NACK for PDSCH or a dummy NACK represents PDCCH miss detection. Therefore, base station can not utilize the HARQ-ACK feedback to adjust PDCCH performance. 

To solve the issue, the gNB may always schedule the control channel in a conservative manner. In other words, the gNB needs to leave a big margin when determining the aggregation level of the PDCCH in order to guarantee the reliability of the PDCCH. This may be fine from a reliability perspective. However, the downside of it is that it causes a PDCCH blocking issue, which is critical for URLLC systems, since for certain URLLC applications (e.g., IIOT applications), the packet size is small, and the control overhead is significant. This may limit the URLLC capacity and hence affects the URLLC experience, especially for IIOT applications with high frequency message exchange requirements. 
One more attractive solution is to introduce tri-state HARQ-ACK feedback for PDSCH. For each feedback, it includes three states:
· ACK to indicate PDSCH decoding pass
· NACK to indicate PDSCH decoding failure
· CtrlFail to indicate control decoding failure/miss

With tri-state feedback, as shown in Figure 9, assume the 1st PDCCH is transmitted with AL 4 and the 2nd PDCCH is transmitted with AL 8. UE missed the 1st PDCCH while detected the 2nd PDCCH and successfully decoded the second PDSCH. Assuming type 2 codebook is used, UE will feedback {CtrlFail,ACK} in the HARQ-ACK codebook. Base station will know that the first PDCCH failed, the second PDCCH is decoded successfully. Then it knows AL 8 is the appropriate aggregation level to use under current channel condition for this particular UE. Here, indicating AL is just an example, the tri-state feedback can also implicitly indicate the appropriate PDCCH beam, power, and precoder, etc.  
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[bookmark: _Ref47615426]Figure 9: Tri-state HARQ-ACK feedback
Therefore, we make the following proposal for URLLC HARQ-ACK enhancement. 
Proposal 3: Support tri-state HARQ-ACK feedback to indicate ACK for PDSCH, NACK for PDSCH, and PDCCH miss detection.
Dynamic switch between sub-slot configuration 
Rel-16 allows more than 1 HARQ-ACK feedback per UL slot, by introducing HARQ-ACK feedback per sub-slot, which allows fast HARQ-ACK feedback for URLLC. The HARQ-ACK feedback timeline K1 follows the sub-slot granularity. The PUCCH resource is confined within a sub-slot. In other words, if a sub-slot has 2 OFDM symbol in duration, the PUCCH resource for HARQ-ACK transmission is limited by 2 OFDM symbols. In case of deep fading, such as antenna is blocked by hand in FR2, HARQ-ACK may have reliability issue with short sub-slot. On the other hand, short sub-slot can enable faster HARQ-ACK feedback. Therefore, there is a motivation to allow UE to switch between short and long sub-slot duration to explore the best trade-off between HARQ-ACK reliability and latency. In Rel-16, the switch is only available via RRC reconfiguration, which is too slow (typically ~10ms delay from RRCReconfiguration reception to RRCReconfigurationComplete transmission) to meet the URLLC latency requirement. To enhance the URLLC HARQ-ACK performance, more flexible switch between different sub-slot configurations is needed.  
There are two ways to do dynamic switch between different sub-slot configurations. One way is via DCI, the other way is via MAC-CE, to switch. If using DCI to switch, then each individual DL DCI can indicate a different sub-slot configuration for its HARQ-ACK feedback. This essentially requires UE to maintain multiple HARQ-ACK codebooks for URLLC, one codebook for each sub-slot configuration. The complexity of this approach is unnecessarily high. If using MAC-CE to switch, as illustrated by following Fig 10, at one time, there is only one sub-slot configuration UE has to following. UE can switch to another sub-slot configuration (following what is indicated by a MAC_CE) 3ms after UE send ACK to confirm the MAC-CE is received. With MAC-CE based switch, the delay of switch between different sub-slot configuration is reduced from ~10ms to 3ms. 
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[bookmark: _Ref1122285][bookmark: _Hlk47478071]Fig 10: MAC-CE based sub-slot configuration switch
Proposal 4: Use MAC-CE to switch between multiple sub-slot configurations for HARQ-ACK feedback. 
HARQ-ACK enhancement for SPS
Explicit A/N feedback for SPS activation/reactivation DCI
During SPS, (re)Activation DCI is transmitted so as to reconfigure an existing SPS configuration. With this SPS (re)Activation DCI, the network can request specific PUCCH format for the first PDSCH following the SPS, (re)Activation DCI. This new format is valid only for one occasion and the network has the option to use either the same PUCCH A/N format used for SPS or a different PUCCH A/N format. In case, the network chooses to use the same PUCCH A/N format for PDSCH following the SPS (re)Activation DCI, then, there might be an ambiguity upon SPS (re)Activation DCI reconfiguring the DL beam. The ambiguity is described in Fig 11.


[bookmark: _Ref47646985]Fig 11: Ambiguity on whether SPS (re)Activation DCI correctly received for SPS reconfiguration for beam change.
In order to avoid this ambiguity, the network should always request, upon SPS (re)Activation, different PUCCH configuration than the SPS PUCCH A/N configuration. In this way, the gNB by monitoring the SPS PUCCH A/N resource (configured at RRC) and PUCCH A/N resource indicated by the SPS (re)Activation DCI can infer whether the UE has indeed decoded successfully the SPS (re)Activation DCI.
However, even in the case of SPS (re)Activation DCI with an explicit request for a PUCCH A/N resource different than the PUCCH A/N resource configured by RRC, ambiguity on the correct reception of SPS (re)Activation DCI might occur. This is the case of multiple SPS configurations sharing the same PUCCH resource in which multiple HARQs are bundled. The case in which ambiguity might occur can be seen in Fig 12. In case of 2 SPS configurations which use the same PUCCH resource for transmitting HARQ feedback, there might be a case in which both SPS configurations need to be reconfigured and two SPS (re)Activation DCIs are transmitted (via e.g. different beams). The UE might receive only one of the two transmitted SPS (re)Activation DCIs. In this case the PUCCH A/N resource used for SPS PDSCH feedback transmission will be the resource indicated by the correctly decoded SPS (re)Activation DCI. If the SPS reconfiguration for the other SPS (for which SPS (re)Activation DCI is not received) is a beam change, then, it can happen that the UE decodes successfully the second SPS PDSCH even with the previous beam (SPS configuration). This is definitely the case for HARQ Type I. 
For HARQ Type II, the ambiguity might be resolved if Downlink Assignment Index (DAI) takes into consideration of SPS (re)Activation DCIs.


[bookmark: _Ref47648150]Fig 12: Ambiguity upon simultaneous feedback for two SPS (re)Activation DCIs.
Proposal 5: Explicit HARQ-ACK feedback for SPS activation/reactivation DCIs for Type I HARQ-ACK codebook.
SPS PUCCH A/N Reconfiguration Via SPS (Re)Activation DCI
Release 16 allows modifications of SPS parameters via SPS (re)Activation DCI. SPS PUCCH A/N can be configured at RRC level. However, in some cases an issue might be detected in the current SPS PUCCH A/N configuration and the response time, i.e. the modification of the current SPS PUCCH A/N via RRC signaling, will be several msec. This delay is not acceptable in the case of IIOT, where the latency requirement sometimes can be 1 or 0.5 msec. The problem described here is illustrated in Fig 13.
Therefore, the proposal is to allow the option for SPS PUCCH A/N via SPS (re)Activation DCI.


[bookmark: _Ref47650248]Fig 13: Response delay upon detection of issue on SPS PUCCH A/N and consequences.
Proposal 6: SPS (re)Activation DCI can update the SPS PUCCH A/N resource.
DTX for Skipped SPS PDSCH
During SPS, there might be occasions during which there is no traffic to be transmitted in downlink. In this case, the UE transmits NACK, which is not necessary. Moreover, UE power is wasted, and uplink interference could had been avoided.  A solution would that when the UE detects absence of SPS PDSCH, UE does not transmit anything , hence DTX is activated. The UE might be notified by the network about the absence of SPS PSDCH within a given SPS occasion. 


Fig 14: DTX for skipped SPS PDSCH.
Proposal 7: UE is allowed to apply DTX for skipped SPS PDSCH.
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Due to the stringent latency and reliability requirements of URLLC IIOT, HARQ feedback needs to provide more information to the network compared to the Rel. 16 HARQ. In order to avoid consecutive errors which result in the reliability requirement not being met, NACK should carry additional information useful to the radio link adaptation mechanism. Moreover, consecutive errors might affect the QoS of the link, considering the new URLLC IIOT QoS requirements such as the sensor survival time.
As an example, consider the case in which the UE wants to report the reason for which PDSCH decoding failed to the gNB. In this case, the PUCCH payload would be different for ACK and NACK. In the special case, in which the error occurred due to beam blocking, very likely the uplink will be blocked as well. The UE can transmit NACK via several beams, which might not be the case for ACK transmission. 
As another example, in case PDSCH decoding failed due to frequency selective fading, the UE might want to repeat PUCCH in subbands which do not experience frequency selective fading. Hence, PUCCH resources to be used for NACK are dfferente for the PUCCH resources to be used for ACK. 
Considering that errors are not expected to happen often, such a proposal would result in a significant waste of uplink resources and the gNB complexity will be increased. This feature might be activated when certain conditions are satisfied; namely when the network detects an imminent error but the network cannot perform immediately the appropriate radio link adaptation action. E.g. the UE reports low CQI and there is no other channel measured which provide better CQI.
Proposal 8: Support ACK and NACK transmission on different PUCCH resources.
Conclusions
In summary, we make the following proposals for HARQ-ACK feedback enhancement for Rel-17 IOT and URLLC. 
Proposal 1: Investigate the types of additional information which can be transmitted jointly with Rel. 16 HARQ ACK/NACK. The potential multiple types of information can be transmitted together with HARQ-ACK in 1 stage or 2 stages.
Proposal 2: Support enhanced HARQ-ACK feedback including additional information (such as instantaneous CQI/MCS feedback) based on PDSCH decoding. 
Proposal 3: Support tri-state HARQ-ACK feedback to indicate ACK for PDSCH, NACK for PDSCH, and PDCCH miss detection.
Proposal 4: Use MAC-CE to switch between multiple sub-slot configurations for HARQ-ACK feedback. 
Proposal 5: Explicit HARQ-ACK feedback for SPS activation/reactivation DCIs for Type I HARQ-ACK codebook.
Proposal 6: SPS (re)Activation DCI can update the SPS PUCCH A/N resource.
Proposal 7: UE is allowed to apply DTX for skipped SPS PDSCH.
Proposal 8: Support ACK and NACK transmission on different PUCCH resources.
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