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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN # 90 the extensions to WI [1] for NR operation up to 71GHz were approved. According to [1] new numerologies (480 kHz, 960 kHz) will be supported (section 4.1) and their possible design impact will be considered:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
In this contribution, we investigate potential impacts to the existing timelines of the addition of new SCS {480kHz and 960 kHz} and propose possible range of new timeline corresponding to these SCS. The paper investigates the PTRS and DMRS performances for various configurations based on LL simulation results with the parameters and scenarios agreed in R1-2005185.
Timeline aspects
The approved WI [1] introduces new numerologies (480 kHz, 960 kHz) that will be supported in beyond 52.5GHz bands. With the introduction of these two numerologies, the following time related aspects need to be reconsidered:
•	PDSCH/PUSCH processing capability (i.e., N1 and N2)
•	Minimum scheduling offsets (e.g., K0min/K2min) and aperiodic CSI-RS/SRS triggering offsets
•	Maximum number of HARQ processes
•	Dynamic SFI and SPS/CG cancellation timing
•	Minimum time gap for wake-up and SCell dormancy indication (DCI format 2_6)
•	BWP switch delay
•	Multi-beam operation timing (timeDurationForQCL, beamSwitchTiming, beam switch gap, etc.)
•	Aperiodic CSI computation delay (i.e., Z and Z’)
Similar to the approach proposed in [11], we consider the use of exponential models to estimate the new values of timeline and processing delays for the new numerologies SCS 480kHz and 960kHz. The models obtained from the interpolation of the existing values were used then extrapolate of new values. An exponential representation  can be straightforward expressed in terms of basis 2 using .  As general observation, we note that such models may be very sensitive to the assumptions and the optimization methods used, and they should be just a starting point for further discussions that consider particular aspects related to implementation and hardware constrains. 
UE processing, preparation and computation timelines
The UE PDSCH processing time, , is specified in Section 5.3, Table 5.3-1 and Table 5.3-2 for UE capability 1 and respectively 2 in [TR38.214]. For 120 kHz SCS for FR2 operations, only UE PDSCH processing capability 1 is applicable as specified in terms of OFDM symbols:
Table 5.3-1, [TS 38.214]: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 
or if the higher layer parameter is not configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24

	4
	29
	36

	5
	40
	50

	6
	55
	69



We note that the number of symbols provisioned for decoding a PDSCH grows exponentially with the numerology, the best N1 values corresponding to SCS= {240kHz, 480kHz, 960kHz} are N1={29,40,55}, where.   Similarly, for the UE PUSCH processing time, ,  specified in Section 6.4 of [2] was found that the corresponding values for SCS= {240kHz,480kHz,  960kHz} are N2= { 55, 86, 135}, where .  
Table 6.4-1, [TS 38.214]: PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36

	4
	55

	5
	86

	6
	135


  
The UE PDCCH processing capabilities specified in Section 10.1 of [TS 38.213] in terms of number of blind decodes in Table 10.1-2 and number of CCEs in Table 10.1-3. For both sets of PDCCH processing capabilities, the quantities decrease with the numerologies. Using an exponential interpolation, , the maximum numbers of PDCCH candidates are estimated for the new numerologies. However, the UE PDCCH processing capabilities should consider the discussion outcomes on PDCCH monitoring enhancement and on multi-PDSCH/PUSCH scheduling which can potentially change the relevant consideration of power consumption, processing complexity, and scheduling performance.
Table 10.1-2, [TS 38.213]: Maximum number [image: ] of monitored PDCCH candidates per slot for a DL BWP with SCS configuration [image: ] for a single serving cell
	[image: ]
	Maximum number of monitored PDCCH candidates per slot and per serving cell [image: ]

	0
	44

	1
	36

	2
	22

	3
	20

	4
	15

	5
	11

	6
	8



UE reported beamSwitchTiming, as defined in TS 38.306 [4], beamSwitchTiming indicates the minimum number of required OFDM symbols between the DCI triggering aperiodic CSI-RS and the corresponding aperiodic CSI-RS transmission in a CSI-RS resource set configured with repetition 'ON'. beamSwitchTiming has the values defined in TS 38.331:
scs-120kHz                          ENUMERATED {sym14, sym28, sym48, sym224, sym336}
We note first that 14 symbol durations for 960kHz SCS correspond to ~ 15.625us, which is much larger than 100 ns used as time limit for beam switching. For the larger values such as 224 or 336 symbols, worst situation of beam switching need to be considered and will need further discussion. Therefore, for beamSwitchTiming for SCS 480kHz and 960 kHz we suggest using the same number of symbols as used for 60kHz and 120kHz as starting point. 
Proposal 1: The new values for the beamSwitchTiming corresponding to SCS {480kHz and 960 kHz} use ENUMERATED {sym14, sym28, sym48, sym224, sym336} as starting point. 
bwp-SwitchingDelay defines whether the UE supports DCI and timer based active BWP switching delay type1 or type2 specified in clause 8.6.2 of TS 38.133 [5]. It is mandatory to report type 1 or type 2.
For DCI-based BWP switch, after the UE receives BWP switching request at DL slot n on a serving cell, UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP on the serving cell on which BWP switch on the first DL or UL slot occurs right after the beginning of DL slot n+ TBWPswitchDelay.
Using an exponential extrapolation (Type1 , and Type2 ), the following values for switch delay (slots) were found.
Table 8.6.2-1, [TS 38.133]: BWP switch delay
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	4
	0.0625
	11
	32

	5
	0.03125
	19
	57

	6
	0.015625
	34
	103

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch.



[bookmark: _Ref129681832]TS38.214 : µ of table 5.4-1 and table 5.4-2 corresponds to the min (µPDCCH, µCSI-RS, µUL) where the µPDCCH corresponds to the subcarrier spacing of the PDCCH with which the DCI was transmitted and µUL corresponds to the subcarrier spacing of the PUSCH with which the CSI report is to be transmitted and µCSI-RS corresponds to the minimum subcarrier spacing of the aperiodic CSI-RS triggered by the DCI. Using an exponential interpolation extrapolation (Z1 , Z’1  the following delays are proposed:

Table 5.4-1: CSI computation delay requirement 1
	

	Z1 [symbols]

	
	Z1
	Z'1

	0
	10
	8

	1
	13
	11

	2
	25
	21

	3
	43
	36

	4
	68
	59

	5
	113
	98

	6
	186
	164



Proposal 2: Consider using exponential models for selected delays and timeline values as baseline for the discussions of timeline changes corresponding to SCS 480kHz and 960kHz.

DMRS under New SCSs for NR-U 52.6 to 71GHz
Rel-15 DMRS under high frequency-selectivity   
During the last GTW meeting, the RAN1 focus was mainly on deciding numerologies for NR-U 52.6 to 71GHz. At the same time, the issue regarding the necessity of DMRS enhancement from Rel-15 is subject to further scrutiny. Rel-15 type-1 DMRS on two symbols [6], as shown by Figure 1, was adopted by most companies for the link-level simulations. The comb-DMRS uses every other resource elements (RE) on the associated symbol. Conventionally, channel estimation is first performed on each RE with tones available, then frequency-domain interpolation, sometimes followed by frequency-domain averaging, then applied to estimate the channels associated with RE in between [8].  

 [image: ] 
Figure 1. Carrier Grid Containing PDSCH, Comb-DMRS and Comb-PTRS.

The interpolation-based method is expected to be acceptable for estimating low frequency-selective channels. However, with larger SCSs such as 480kHz/960kHz and higher channel frequency-selectivity [9], due to wider bandwidth, the number of DMRS symbols within the coherence bandwidth of the channel is significantly decreased. Thus, it is necessary to investigate the possible performance loss in these cases and to come up with alternate estimation procedures. 
Observation 1: 	With larger SCSs and higher channel frequency-selectivity, the number of DMRS symbols within the coherence bandwidth of the channel is significantly decreased; thus, channel estimation with comb-DMRS and interpolation may be subject to excessive error. 

Comb-DMRS versus block-DMRS for NR-U 52.6 to 71GHz
In this section, we investigate the impact of high channel frequency-selectivity on channel estimation accuracy for the NR-U 52.6 to 71GHz link and suggest ways to achieve desirable performance. The ½ comb-DMRS is the Rel. 15 compliant structure currently being adopted for NR-U. With the comb-DMRS, FD interpolation followed by FD averaging is the necessary procedure to obtain channel estimation (CE) values for tones in between the DMRS resources. Possible CE inaccuracy can be introduced if the FD channel variation is too large for the interpolation to be useful. There is a shortage of literature or studies on non-interpolation-based CE, through which the CE inaccuracy is amendable. In this contribution we use a method for non-interpolation-based CE, where a condensed IFFT is first performed on the extracted CE vector from the comb tones, then time-domain filtering and zeros padding follows to extend the vector into full size and converted back to FD for the CE of the entire subcarriers. 
The study presents the link performance by utilizing block-DMRS, i.e., integrating pilot tones of the two comb-DMRS symbols into a single block, where the whole 3rd OFDM symbol is filled with DMRS tones, in comparison with ½ comb-DMRS at 3rd and 12th symbols, such that the TBS (transport block size) is kept the same. It is further noted that the primary purpose of the comparison between existing and proposed methods is to determine whether to reuse the existing Rel. 15 DMRS structure for the NR-U. 
Including the block-DMRS, four different methods are implemented for the initial study:
•	Comb-DMRS with FD interpolation and FD averaging;
•	Comb-DMRS with no FD interpolation and FD averaging;
•	Comb-DMRS with no FD interpolation and no FD averaging;
•	Block-DMRS.
In Figure 2 (a) and (b), BLER performances are shown for one case under TDL-A channel with delay spread 20ns, where different estimation methods are applied, for SCS 960kHz and SCS 120kHz, respectively. In Figure 3 (a) and (b), similar performance evaluations for SCS 480kHz and SCS 120kHz, under delay spread 40ns are shown. We observe from these figures that with comb-DMRS, neither FD interpolation (FDI) or FD averaging (FDA) contribute positively to the channel estimation accuracy for high frequency-selective channel.  The BLER gains associated with SCS 960k, 480kHz when using no FDI + no FDA-based channel estimation versus the conventional FDI + FDA-based channel estimation procedure implies the frequency-selectivity at 40ns DS is excessive for the ½ comb-DMRS to be fully effective. For lower SCS such 120kHz at DS up to 40ns, the frequency-selectivity is not an issue for accurate channel estimation, and the ½ comb-DMRS is sufficient. For higher SCSs, CE with the current structure of block-DMRS outperforms FDI + FDA-based CE, but not necessarily the other CE methods. For lower SCS, block-DMRS may lead to performance degradation. One important factor that could contribute to these differences is that the block-DMRS solution does not have a RS to use for ICI cancelation at the 12th OFDM symbol as with the comb-DMRS counterpart, therefore, this symbol may suffer from excessive ICI. 
Observation 2: Under larger DS values, the BLER performance for SCSs 480kHz and 960kHz degrades from the performance of the Rel-15 compliant comb-DMRS structure with FD interpolation. The proposed non-interpolation method with no FD averaging almost always leads to the best performance among the four CE methods. For lower SCS 120kHz, the comb-DMRS offers desirable performance. 
Proposal 3: With higher SCSs employed, a comprehensive evaluation of the effect of high frequency-selectivity on the accuracy of channel estimation, and in turn, the link performance is necessary.
Proposal 4: 	Study if block-DMRS can be further enhanced or if there are other DMRS structures that lead to comparable performance with the ½ comb-DMRS. 
[image: ]
(a)
[image: ]
(b)
Figure 2. BLER performance with difference CE methods under DS 20ns and of (a) SCS 960kHz (b) SCS 120kHz.
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(a)
[image: ]
(b)
Figure 3. BLER performance with difference CE methods under DS 40ns and of (a) SCS 480kHz (b) SCS 120kHz.

   [image: ]
Figure 4. Carrier Grid Containing PDSCH, block-DMRS and Comb-PTRS.
The performance evaluation with the listed CE methods is extended by including lower (MCS7) and higher (MCS22) modulation formats for SCS 960kHz and SCS 120kHz at DS 20ns. CE for SCS 480kHz is relatively less sensitive than SCS 960kHz against the increase of DS and, therefore, is omitted. Figure 5 shows that the trend noted in Observation 2 maintains for all MCSs. Consequently, we do not see the necessity to recommend different DMRS structures according to different MCS configurations. 

[image: ]
(a)
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(b)
Figure 5. BLER performance with difference CE methods under MCS7/MCS16/MCS22, respectively, and of
(a) SCS 480kHz (b) SCS 120kHz.
Proposal 5: The necessity of recommending a dedicated DMRS format for different MCS values is not supported by the current evaluation. 
DMRS type-1 versus type-2  
Another way to evaluate the impact of the DMRS structures on link performance is through comparing the type-1 DMRS adopted in the previous sections with the type-2 DMRS, which has a less dense FD. It is seen in Figure 6 that with SCS 960kHz, the performance loss of using type-2 DMRS is about 2dB, when the best CE method in the list is adopted. For lower SCS 120kHz, the performance loss is around 0.2dB when the best CE method in the list is adopted. We believe that a thorough discussion of DMRS enhancement that could mitigate the loss is necessary, especially for the higher SCSs.  
[image: ]
(a)
[image: ]
(b)
Figure 6. BLER performance for difference CE methods under type-1 and type-2 DMRS structures and of 
(a) SCS 960kHz (b) SCS 120kHz.
Observation 3: Performance losses are observed when the type-2 DMRS over type-1 DMRS are used, especially for the higher SCS. 

PTRS under New SCSs for NR-U 52.6 to 71GHz
Rel-15 PTRS structure and ICI cancellation
Rel-15 comb-PTRS structure is adopted by the current NR-U beyond 52.6GHz evaluations, the time and frequency domain symbol locations of which are specified in [9], as was shown by Figure 1. We note that block-PTRS was recommended by few companies during RAN1#103-e; however, the evaluations there did not consider the tuning of ICI cancellation filter taps, as we proposed in [10]. Therefore, the two issues of PTRS structure and filter design may couple together. We present our comparison results between comb- and block-PTRS in this section, which a favorably tuned de-ICI filter, i.e., 7-tap for SCS 120kHz, 3-tap for SCS 480kHz, and 1-tap for SCS 960kHz. 
Block- and comb-PTRS
The carrier grid containing a block-PTRS is shown in Figure 7, where the number of pilot tones in each OFDM symbol is the same as the comb-PTRS counterpart. For the third and twelfth symbols where PTRS is not available, part of the DMRS REs is used for the phase-tracking purpose, such that the number of pilot REs is the same for each symbol. Figure 8 shows one case comparison under the TDL-A channel, with phase noise at both the transmitter and receiver. It is observed that under fixed PTRS density, i.e., K=2, L=1, the block-PTRS does not offer better BLER performance over the comb-PTRS counterpart for all SCSs. Figure 9 and Figure 10 show a similar trend with reduced PTRS density, i.e., K=2, L=1. Besides, it is observed that reducing the frequency density of the PTRS results in BLER loss up to 1dB. It is noted that the figures are generated under but not restricted to the TDL-A channel.
[image: ]
Figure 7. Carrier Grid Containing PDSCH, Comb-DMRS and Block-PTRS.
[image: ]
Figure 8. SCS 120 kHz, 480kHz, 960 kHz, BLER for ICI with Comb- and Block-PTRS. 
Observation 4: 	With ICI cancellation for SCS 120kHz, 480kHz, and 960kHz, block-PTRS does not offer BLER performance gain over comb-PTRS across the entire SNR range. Reducing PTRS density from K=2 to K=4 leads to a BLER performance loss up to 1dB.   
Proposal 6: 	With higher SCSs employed, a comprehensive evaluation of the effect of frequency-selectivity on the accuracy of channel estimation, and on the link performance is necessary.
Proposal 7: 	With ICI cancellation for SCS 120kHz, 480kHz, and 960kHz, the comb-PTRS with sufficient frequency-domain is recommended. Study the block-DMRS enhancement and other efficient DMRS structures that could lead to comparable performance with the ½ comb-DMRS.

 [image: ]
Figure 9. SCS 120 kHz, BLER for ICI with different K=2/K=4 Comb- and Block-PTRS. 
[image: ]
Figure 10. SCS 480 kHz, BLER for ICI with different K=2/K=4 Comb- and Block-PTRS. 

Multi-block PTRS
In this section, we extend the block-PTRS to multi-block-PTRS, i.e., the PTRS tones in each symbol are separated into a designated number of blocks, as shown in Figure 11. For symbols that have no PTRS, DMRS is used for phase-tracking purpose. The evaluation result, taking SCS 480kHz as an example, is shown in Figure 12, where it is seen that, given the same number of tones, the comb-PTRS outperforms all the other PTRS structures with different block-sizes, while the performance of block-PTRS approaches the comb-PTRS when the block size (BLS) increases. The ICI reduction, that block-PTRS offers, is smaller compared with a solution where PTRS tones are as spread as possible. Therefore, we prefer not to pursue either single or multi-block PTRS structures for NR-U 52.6 to 71GHz. 
[image: ]
Figure 11. Carrier Grid Containing PDSCH, Comb-DMRS and Multi-block-PTRS.

[image: ]
Figure 12. SCS 480 kHz, BLER for ICI with PTRS of different block-size (BLS).

Observation 5: The advantage of block structure of PTRS is smaller than having PTRS tones as spread as possible for ICI cancellation.   
Proposal 8: 	Reuse the comb-PTRS structure for NR-U 52.6 to 71GHz and not to pursue either single or multi-block PTRS.  

Multi-PDSCH Scheduling
In RAN #90 [1], new objectives were added to the WI scope:
“Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
       Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued”
For LTE MTC/NB-IoT devices, a new feature was introduced in Rel-16 to enable multi-subframe scheduling. In this feature, the DCI has several fields indicating the number of transport blocks (TBs), HARQ process, NDI bits, and RV bits. Using format 6-1A as an example, a maximum of 8 transport blocks can be scheduled. This feature enables the network to reduce the overhead of scheduling each TB, which can be quite significant in terms of time (resources) and reduces the latency to deliver several transport blocks.
In comparing the LTE MTC/NB-IoT multi-subframe scheduling to multi-slot scheduling for Beyond 52 GHz, unlicensed spectrum, the motivation is primarily to offer multiple possible transmission starting points that could be used if necessary when LBT prior to transmission fails. In addition, during a COT, we note with the increase of SCS, the duration of a slot decreases, which implies that a UE would have to monitor the PDCCH much more often. Obviously, if a UE must monitor a search space less frequently, the UE has more options for power savings, including microsleep and possibly reduced bandwidth to receive. In this case a single PDCCH could correspond to a span of multiple slots.
[bookmark: _GoBack]A design option for PUSCH to consider such as the slots structure shown in the Figure 1.   Such option offers multiple starting points separated by LBT opportunities. A UE may transmit after the first successful LBT.
[image: ]
Figure 1
We note that in Rel-16 NR-U, multi-PUSCH scheduled by a single UL grant is supported, the configuration of the time domain resource allocation (TDRA) table for multiple PUSCH (see TS 38.214, clause 6.1.2).
There are some advantages to use multi-slot scheduling:
· Ability to handle LBT failures 
· Fewer PDCCH to decode, less burden on UE
· Minimize probability of missing a PDCCH; by sending less PDCCH is less likely that overall, one of them will be lost.
Some drawbacks include
· The loss of a PDCCH has longer duration consequences (less reliable DCI)
· Changing channel conditions: the resource assignment may not be appropriate at the time for PDSCH / PUSCH
Some of the drawbacks are just amplified when directional beams are used in the shared spectrum access:
· The TCI allocated for multiple transmissions may not be valid for subsequent allocations 

[bookmark: _Hlk61702368]Proposal 9:  Evaluate the multi-PDSCH/PUSCH scheduling in 60GHz shared spectrum band for:
· The impact of PDCCH failure on data transmission and HARQ feedback
· The impact of beam failure on data transmission and HARQ feedback

Conclusion
The present paper we propose new timelines and processing delays for SCS {480kHz, 960kHz} and investigates the impacts of different DMRS/PTRS structures on link performance of NR-U 52.6 to 71GHz based on simulation results with the parameters and scenarios agreed in R1-2005185.
Proposal 1: The new values for the beamSwitchTiming corresponding to SCS {480kHz and 960 kHz} use ENUMERATED {sym14, sym28, sym48, sym224, sym336} as starting point. 
Proposal 2: Consider using exponential models for selected delays and timeline values as baseline for the discussions of timeline changes corresponding to SCS 480kHz and 960kHz.
Observation 1: With larger SCSs and higher channel frequency-selectivity, the number of DMRS symbols within the coherence bandwidth of the channel is significantly decreased; thus, channel estimation with comb-DMRS and interpolation may be subject to excessive error.
Observation 2: Under larger DS values, the BLER performance for SCSs 480kHz and 960kHz degrades from the performance of the Rel-15 compliant comb-DMRS structure with FD interpolation. The proposed non-interpolation method with no FD averaging almost always leads to the best performance among the four CE methods. For lower SCS 120kHz, the comb-DMRS offers desirable performance. 
Proposal 3: With higher SCSs employed, a comprehensive evaluation of the effect of high frequency-selectivity on the accuracy of channel estimation, and in turn, the link performance is necessary.
Proposal 4: Study if block-DMRS can be further enhanced or if there are other DMRS structures that lead to comparable performance with the ½ comb-DMRS. 
Proposal 5: The necessity of recommending a dedicated DMRS format for different MCS values is not supported by the current evaluation.
Observation 3: Performance losses are observed when the type-2 DMRS over type-1 DMRS are used, especially for the higher SCS.
Observation 4: 	With ICI cancellation for SCS 120kHz, 480kHz, and 960kHz, block-PTRS does not offer BLER performance gain over comb-PTRS across the entire SNR range. Reducing PTRS density from K=2 to K=4 leads to a BLER performance loss up to 1dB.   
Proposal 6: 	With higher SCSs employed, a comprehensive evaluation of the effect of frequency-selectivity on the accuracy of channel estimation, and on the link performance is necessary.
Proposal 7: 	With ICI cancellation for SCS 120kHz, 480kHz, and 960kHz, the comb-PTRS with sufficient frequency-domain is recommended. Study the block-DMRS enhancement and other efficient DMRS structures that could lead to comparable performance with the ½ comb-DMRS.
Observation 5: The advantage of block structure of PTRS is smaller than having PTRS tones as spread as possible for ICI cancellation.   
Proposal 8: 	Reuse the comb-PTRS structure for NR-U 52.6 to 71GHz and not to pursue either single or multi-block PTRS.  
Proposal 9:  Evaluate the multi-PDSCH/PUSCH scheduling in 60GHz shared spectrum band for:
· The impact of PDCCH failure on data transmission and HARQ feedback
· The impact of beam failure on data transmission and HARQ feedback
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