[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting 90bis	R1-1718621
Prague, Czech, 9th – 13st, October 2017

Agenda item:		7.3.3.2
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Source:	Nokia, Nokia Shanghai Bell 
Title:	Remaining aspects of HARQ management
Document for:	Discussion and Decision
1  Introduction
In RAN plenary #75, WID on new radio (NR) has been approved [1]. The NR work item targets to specify the NR functionalities for both enhanced mobile broadband (eMBB) as well as for ultra-reliable low-latency-communication (URLLC) as defined in TR38.913 [2]. Frequency ranges up to 52.6 GHz are considered under the NR work item
This contribution relates to the open aspects of HARQ processes and their management. In Section 2, we consider the remaining details on HARQ feedback timing for DL HARQ, in Section 3, we address HARQ feedback determination, and in Section 4 we discuss the number of HARQ processes. Observations and proposals are summarized in Section 5.
2  HARQ feedback timing
In this section we consider the remaining details concerning the timing for DL HARQ in the NR, namely the delay between DL data (PDSCH) reception and corresponding acknowledgement transmission in UL (K1), as well as the delay between ACK/NAK reception in UL and corresponding retransmission of data (PDSCH) on DL (K3). 
It was agreed in RAN1 NR Ad-Hoc #2 that RAN1 should consider the UE processing time(s) in terms of symbols together with absolute time (in us), instead of slots (K). Parameter N1 illustrates the number of OFDM symbols required for UE processing from the end of NR-PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission from UE perspective. UE is not expected transmit anything in uplink if the network set the value of K1 without leaving sufficient time for UE processing.
2.1  PDSCH HARQ-ACK timing: slot based operation
As agreed in RAN1 NR Ad-Hoc #1, delay between DL data (PDSCH) reception and corresponding acknowledgement transmission in UL (K1) is indicated by a field in the DCI from a set of values. The set of values are configured by higher layer signalling. Higher layer configuration for the allowed values for the timing relation allows to limit the amount of explicit signaling without compromising the indication flexibility too much. There are also cases where it is preferable to have HARQ-ACK timing relationships indicated to UE semi-statically. E.g. in the case of FDD deployments, the timing relationships can be fixed or semi-statically configured, and there is no need to include overhead in the DCI.  
Proposal #1: Support semi-static configuration for timing relationship K1 in addition to the dynamic indication that was already agreed.
An open issue related to dynamic timing indication of the HARQ-ACK timing involving higher layer configuration is the operation in the cases when RRC connection has not yet been established. Timing must be defined according to a conservative approach since the gNB is not yet aware of the processing capability of the UE. For timing relationships K1, there are three options:
· Option #1: A single value for K1 is defined according to a conservative UE processing time. For example, it can be defined that K1=3 or 4 (slots)    
· Option #2: A set of values for K1 is defined according to a conservative UE processing time. For example, it can be defined that K1= [3, 4, 5, 6] (slots)
· Option #3: A single value or a set of values for K1 is configured by RMSI. 
The benefit of Option #1 is that it does not require additional signalling bits in DL grant. On the other hand, Option #2 would facilitate TDD operation in a flexible manner minimizing the gNB scheduler restrictions also for UEs without RRC connection. Option #3 provides configurability for K1 at the expense of increased signalling overhead. We think that sufficient degree of flexibility is achieved already by a predefined set of values. Based on that we make the following proposal (according to Option #2):
Proposal #2: Consider a predefined set of values for dynamic timing indication of K1 for the case when the timings are unknown to UE.
2.2  Scheduling timing for PDSCH retransmission: single HARQ-process
Related to PDSCH retransmission, it was agreed in RAN1#86 that "NR design should strive to enable the possibility for 
· Corresponding retransmission shortly (in the order of Z µs) after the end of acknowledgement reporting
· FFS: Z in the order of a few tens of or hundreds of micro sec is feasible."
Furthermore, it was agreed in RAN1#86bis that NR supports operation of one DL HARQ process for some UEs. Figure 2 and Figure 3 visualize parameter Z in an exemplary TDD scenario where consecutive slots are allocated to DL data. We assume 60 kHz subcarrier spacing, slot length of 7 OFDM symbols (the principle holds also for 14 symbol slot) and self-contained operation for PDSCH HARQ-ACK feedback, respectively. It can be noted that design with a single HARQ process and self-contained operation results in a very tough processing requirements for the gNB.
· Maximum gNB processing time for HARQ-ACK detection, DL scheduling and preparing DL packet, Z, is less than 9 µs in the current example (i.e. at the level of time needed to perform Rx-Tx switching at the gNB)
· gNB could provide more processing time by increased GP length and increasing the timing advance value accordingly. Again, the problem of this approach is that spectrum efficiency will reduce accordingly. For example, puncturing one symbol for GP will create 14% extra overhead. At the same time, the gNB processing time will increase only by 18 µs.
Increasing the number of HARQ processes is a much more efficient way to relax gNB processing time requirements without increasing the GP overhead since each HARQ process will increase the gNB processing time, Z, by the slot length (125 ms in the current example, and 250 ms with 14 symbol slot). This is illustrated in Figure 3.
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Figure 1. gNB processing time with one HARQ process in DL.
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Figure 2. gNB processing time with two HARQ processes in DL.
Based on the discussion above, it is quite clear that operation with only one HARQ process cannot be seen as the baseline scheme for NR DL, provided that continuous DL transmission is needed for an UE. On the other hand, when using asynchronous HARQ, it’s up-to gNB to schedule different UEs and HARQ processes for different slots. The specification may support allocation of the same HARQ process into consecutive slots. Following this logic, there is no need to define the exact value for parameter K3 (Delay between ACK/NAK reception in UL and corresponding retransmission of data (PDSCH) on DL). Hence, in order to support continuous DL transmission as well as minimizing the GP/UL overhead by means of DL only slots, multiple HARQ processes need to be supported in the NR downlink. This should be the case also with self-contained operation. 
Observation #1: There is no need to define the exact value for the parameter K3.
Proposal #3: Multiple DL HARQ processes are supported to facilitate continuous DL transmission also with self-contained operation. 
2.3  HARQ-ACK timing: mini-slot based operation
Generally speaking, flexible mini-slot based operation for transmission of HARQ-ACK in UL requires that DCI contains:   
· The starting position of (short) PUCCH transmission with symbol level granularity. The DCI should contain also an indication of which slot it applies to.
· The length of the (short) PUCCH transmission with symbol level granularity. This can be indicated dynamically from the set of values configured by higher layer signalling. Another option is to configure the short PUCCH length in semi-static manner.
In order to minimize the DCI overhead, it should be possible to indicate both starting symbol and the PUCCH duration using a single timing index configured by RRC.
Proposal #4: Support indication of both starting position and the duration of the short PUCCH using a single index configured by RRC
Based on the discussion related to time domain resource allocation in RAN1#90, there are two main principles to convey the starting position of short PUCCH:
· Opt.1: Starting symbol of a slot. UE is also informed of which slot it applies to.
· Opt.2: Symbol number from the end of the PDSCH or from the end of the scheduling PDCCH. 
When comparing these options, it seems that Opt.2 could be a feasible approach for a FDD scenario where time domain resources are always available. On the other hand, the need for dynamic timing indication in the FDD scenario is not that clear. 
In the case of (dynamic) TDD, Opt.2 would contain signalling states which are not available due to half-duplex limitation (e.g. when PDSCH mini-slot is located at the beginning of the slot). Hence, with given timing flexibility Opt.2 results in higher DCI overhead compared to Opt.1. Opt. 1 is a better approach also in the sense that DCI content does not vary based on the PDCCH location. Therefore Opt. 1 shown in Figure 4 is the preferred approach for dynamic PUCCH timing indication in NR.
Proposal #5: Dynamic indication of the PUCCH starting position for PDSCH mini-slot is based on Opt. 1 (slot index, and the starting symbol of the slot).  
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Figure 3. Principle of Opt. 1 in a flexible TDD scenario.
3  HARQ feedback determination
In this section, we discuss the HARQ feedback determination in NR from single cell viewpoint. We consider HARQ feedback determination in case of carrier aggregation and CBG-based PDSCH transmissions in companion contributions [3] and [4]. 
3.1 Determination of DL association set and codebook size 
Flexible HARQ-ACK timing facilities e.g. highly flexible UL/DL configuration but impacts also the determination of HARQ feedback transmitted on UL. HARQ feedback determination will be impacted also by dynamic, symbol level timing of HARQ-ACK for PDSCH mini-slots level. We start discussion by considering DL association set determination for HARQ feedback.
In LTE, the timing relationship between DL data reception and corresponding acknowledgement is predetermined in the specification. In LTE TDD, the HARQ-ACK timing as well as the DL subframes for which HARQ-ACK is reported in a certain UL subframe (aka DL association set) is determined based on the subframe number and used UL/DL configuration. That kind of approach turns out cumbersome when more flexible UL/DL configurations are supported and tabulation of all possible combinations becomes increasingly complex. This can be seen e.g. with LTE LAA, where HARQ feedback for LAA SCell is essentially determined as if LAA SCell were FDD SCell – just for the sake of simplicity. 
In NR, highly flexible UL/DL configuration efficiently adapting air interface to the variations on traffic is desired. Correspondingly, determination of HARQ feedback, including determination of HARQ-ACK codebook size as well as DL association set (i.e. set of DL slot for which HARQ-ACK is reported in a certain UL slot) should be flexible and not limited to a manageable subset of predetermined UL/DL configurations. 
One possible way is to determine HARQ-ACK codebook based on the number of configured HARQ processes and the number of configured or activated component carriers. This means that HARQ-ACK is transmitted for each TB (or CBG if CBG-based transmission is configured) on every HARQ process on every configured or activated component carrier every time UE reports any HARQ-ACK. As a UE may be configured with a considerable number of CBGs as well as component carriers, the resulting HARQ-ACK codebook can be large and significantly over-dimensioned for most of HARQ feedback transmissions.
On other hand, the determination of HARQ feedback can be based on a simple set of rules using few parameters such as the indicated timing between DL data and associated HARQ-ACK as well as the minimum processing time between the DL data reception and transmission of associated HARQ-ACK as inputs to the determination.
Proposal #6: Determination of DL association set for HARQ feedback is flexible and based on the indicated timing relationship between DL data reception and corresponding acknowledgement.
[bookmark: _Hlk492650189]DL association set is semi-static in the cases where the timing relationship between DL data and corresponding HARQ-ACK is determined semi-statically. FDD deployment is a simple example of a such case. In the cases where the timing between DL data and associated HARQ-ACK is indicated dynamically by L1 signaling, DL association set also needs to be determined dynamically, especially in the case of dynamic codebook size determination. In the case of dynamic HARQ ACK timing indication and semi-static codebook size, the DL association set may be determined either dynamically or semi-statically, e.g. based on the configured maximum and minimum HARQ ACK timing values.
An example on the dynamic determination of DL association set is illustrated in Figure 1 for single carrier. The DL association set for a HARQ feedback to be transmitted on certain slot can be determined based on a few simple rules:
· DL association set starts from a slot where PDSCH is associated to UCI transmission in the certain slot for the first time. In the Figure 1, this is the slot #3 for the UCI transmitted in slot #7.
· The last slot of the DL association set is determined by the UE minimum (configured) processing time so that UE can prepare HARQ-ACK in time. In Figure 1, this is the slot #5 for the UCI transmitted in slot #7.
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Figure 4. Dynamic determination of DL association set based on the indicated HARQ-ACK timing offset.
The codebook size determination may be semi-static or dynamic. Semi-static codebook size may be used with semi-static DL association set, i.e. in the cases of semi-static timing relationship between DL data and corresponding HARQ-ACK – such as FDD deployment. In the cases of dynamic DL association set determination, the determination of HARQ-ACK codebook size can also be dynamic. However, for the cases where HARQ-ACK codebook remains relatively small, e.g., below 12 bits, semi-statically configured codebook size with dynamically determined DL association set can also be used. 
Dynamic determination of DL association set and HARQ-ACK codebook involves particular error cases that needs to be considered. For example, missing DL grant for the first DL slot to be included in the HARQ-ACK codebook may lead, depending on the design, erroneous ordering of HARQ-ACK bits or erroneous HARQ-ACK codebook size. Obviously, appropriate mechanisms, such as counter DAI in LTE, to mitigate such error cases need to be employed with dynamic DL association set and HARQ-ACK codebook size determination. The use of counter DAI to determine the first slot of DL association set is illustrated in Figure 2 for single carrier. In the figure, UE misses the DL grant on slot #3. However, UE can correctly determine the first slot of DL association set based on the counter DAI that it receives in slot #5. 
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Figure 5. Dynamic determination of DL association set based on the indicated HARQ-ACK timing offset. 
Once the first slot of DL association set is determined, it needs to be decide whether HARQ-ACK is reported for all slots in the DL association or only for slots scheduled for UE. This is relevant for both semi-static and dynamic codebook size, as it affects the ordering of HARQ-ACK bits in the codebook. Another aspect to consider in the case of dynamic codebook size is the determination of last ACK/NACK included to the codebook. These can be addressed e.g. with following two approaches: 
· HARQ-ACK is reported to all slots in the DL association set. As the last slot in DL association set is determined based on the UE minimum (configured) processing time, there is no error case related to the missing the last DL assignment to be included in the HARQ-ACK codebook. However, the counter DAI is incremented per slot instead of being incremented per slot that is actually scheduled for the UE. 
· Another alternative is to use the combination of counter DAI and total DAI. 
Given the discussion above, we propose that both dynamic and semi-static determination of DL association set and HARQ-ACK codebook size are supported for single carrier HARQ-ACK feedback.
Proposal #7: Both dynamic and semi-static determination of DL association set are supported. Dynamic and semi-static determination of HARQ-ACK codebook size are also supported for single carrier HARQ-ACK feedback. 
Proposal #8: DAI mechanism is used to mitigate error cases related to the dynamic determination of DL association set and HARQ-ACK codebook size.
Proposal #9: When DL association set is dynamically determined,
· DL association set starts from first TTI where PDSCH is associated to UCI transmission in certain UL TTI 
· Last TTI of the DL association set is the last PDSCH TTI for which UE can prepare HARQ ACK in time given the configured UE processing time. 
With respect to dynamic DL association set, special consideration is needed for cases where UE is scheduled both with slots and mini-slots. Such situations may be faced e.g. when mini-slots are used for low latency transmissions. Two examples are shown in Figure 6. In the figure, UE has minimum processing time of 14 symbols. UE is scheduled with PDSCH in slot n and with two mini-slots in slot n+2. UE reports HARQ-ACKs in slot n+3. 
· In Figure 6a, UE reports HARQ-ACK for PDSCH slot and mini-slot #2 on short PUCCH at the end of slot n+3. UE reports HARQ-ACK for mini-slot #1 earlier, on symbol #3 of slot. 
· In Figure 6b, UE is scheduled also with PUSCH on slot n+3. In this case, UE reports HARQ-ACK for PDSCH slot as well as mini-slot #1 at symbol #3 on PUSCH right after PUSCH DMRS on symbol #2. As HARQ feedback for normal PDSCH slots may contain ACKs for multiple PDSCHs or for CBGs, it may have considerable size and it makes sense to use PUSCH rate matching for them. However, due to UE processing time restriction UE reports the HARQ-ACK bit for mini-slot #2 at the end of slot by puncturing PUSCH.  
Such flexibility in HARQ reporting - especially when different minimum UE processing time is configured for slots and mini-slots - is achieved when the DL association set and HARQ-ACK codebook determination is applied separately for slots and mini-slots. In other words, DL association set and codebook size are determined separately for slots and mini-slots, and the resulting HARQ-ACK sub-codebooks are then concatenated for joint encoding and transmission.        
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Figure 6. HARQ-ACK timing for slots and mini-slots when a) PUSCH is not scheduled and b) PUSCH is scheduled.
An alternative approach for handling HARQ feedback for slots and mini-slots is to determine HARQ-ACK codebook jointly over the slots and mini-slots with joint DAI. However, there are challenges involved as can be seen from Fig. 6:
· gNB cannot be sure that UE receives UL grant. Hence it could use DAI to indicate joint coding for PDSCH slot and mini-slot #2 HARQ-ACK as in case Figure 6a. 
· On other hand, if UE receives UL grant, UE will jointly encode HARQ-ACK for PDSCH slot and mini-slot #1 as in case Figure 6b. However, joint DAI covering PDSCH slot and mini-slot #2 does not ensure correct number of mini-slot HARQ-ACKs in this case. 
Given these aspects, we do not see joint DAI over slots and mini-slots (with different minimum UE processing time) as an attractive solution.
In the approach where separate DAI processes are used to determine separate HARQ-ACK sub-codebooks, special attention is needed to the error case that can occur when there is only one scheduled PDSCH associated to a (e.g. mini-slot) sub-codebook. If UE misses that DL assignment, UE will not include the corresponding sub-codebook at all, leading to erroneous HARQ-ACK ordering in the overall HARQ-ACK codebook. This error case can be simply solved e.g. by
· One bit on PDSCH slot DL assignment indicates whether gNB may possibly schedule PDSCH mini-slots with HARQ-ACK reported on the same UCI transmission. The indication does not need to based on actual / final scheduling decisions.    
· If the bit indicates possible mini-slot scheduling, UE includes a corresponding sub-codebook of at least minimum size (e.g. corresponding to 2 DL assignments) to the concatenated codebook – also when UE does not detect even single DL assignment associated to the sub-codebook.
· The same mechanism can be applied also for sub-codebook for PDSCH slots when only mini-slots are scheduled.
Proposal #10: DL association set and HARQ-ACK codebook size are determined separately for DL slots and mini-slots in the case of dynamic DL association set and HARQ-ACK codebook size determination, respectively.

 
3.2 HARQ-ACK bundling
There are situations where it is attractive to compress HARQ feedback even at the price of somewhat degraded DL throughput, for example, when UL is coverage limited or when UCI size temporarily exceeds the reliable capacity of allocated PUCCH resource. In LTE, HARQ-ACK bundling, that is, performing logical AND over a set of ACK bits, is used to compress HARQ feedback when needed. We see that HARQ-ACK bundling can be supported also in NR. 
The HARQ-ACK bundling can be done across CBGs, across TBs, across slots that reported in the same HARQ feedback, or across component carriers in frequency domain. Any HARQ-ACK bundling will degrade DL throughput, but the amount of degradation depends on the type of bundling. DL throughput loss can be expected to remain within acceptable boundaries for HARQ-ACK bundling across CBGs or across TBs, while a larger loss can be expected for HARQ-ACK bundling across slots due to interference variations between slots. 
We see that any HARQ-ACK bundling should be enabled/disabled by higher layer signalling. However, the HARQ-ACK bundling, once enabled, can be applied either semi-statically or dynamically:
· HARQ-ACK bundling across TBs can be used semi-statically to compress HARQ feedback. However, there is no point to semi-statically apply HARQ-ACK bundling across CBGs, as CBG operation itself could be disabled. 
· In addition to semi-static compression of HARQ feedback, HARQ-ACK bundling can also be applied temporarily when overall UCI size exceeds the reliable capacity of the allocated PUCCH resource, determined e.g. as RRC configured maximum code rate for UCI. Such situation can occur e.g. with CA and dynamic HARQ codebook determination, but it should occur only infrequently. HARQ-ACK bundling across CBGs is reasonable option for such temporal HARQ feedback compression.
Based on discussion, we propose that HARQ-ACK bundling is supported across CBGs and TBs. 
Proposal #11: HARQ-ACK bundling is supported at least across CBGs and across TBs. 
Proposal #12: HARQ-ACK bundling is semi-statically enabled/disabled via higher layer signalling. 
· HARQ-ACK bundling across TBs may be applied either semi-statically or dynamically.
· HARQ-ACK bundling across CBGs may be applied dynamically.
4  Number of HARQ processes
In this section we discuss the number of HARQ processes to be supported by the specification. The following agreements have been made in RAN1#89 [5]:
Agreements: (RAN1 #89)
· A set of reference parameters is used for the purpose of soft buffer dimensioning
· A reference set of parameters includes at least DL HARQ RTT [Y ms] and data rate(s) of X Gbps 
· FFS: values of X and Y
· FFS: other conditions
· This does not imply UE has to have a HARQ-ACK timing based on the reference HARQ RTT
· FFS: how different UE categories are defined
· LBRM is taken into account
· Maximum number of HARQ processes per carrier supported in NR is 8 or 16 
· This is at least for the single numerology case and a slot-level scheduling and single-TRxP transmission
· FFS: down-selection of 8 or 16
· FFS: soft-buffer handling
· FFS: the value may be different depending on a certain condition (e.g., subcarrier spacing) 
4.1  Maximum number of HARQ processes
In Table 1 different HARQ RTTs are examined for different sub-carrier spacings and TTI durations. The following assumptions were made in the calculations:
· TTI duration: 14 and 28 symbols
· UE processing time: 1 slot + 0.25 ms
· gNB processing time: 2 slots + 0.25 ms
· HARQ-ACK: 1 TTI (long PUCCH)
· Max 2-way FH delay: 1 ms
· FDD operation – HARQ-ACK transmission is possible immediately
Table 1: Example RTTs with different sub-carrier spacings
	Subcarrier spacing
	30 kHz
	60 kHz
	120 kHz

	symbols/TTI
	14
	14
	14
	14
	14
	14
	28
	28

	TTI [ms]
	0.5
	0.5
	0.25
	0.25
	0.125
	0.125
	0.25
	0.25

	# of HARQ processes
	8
	16
	8
	16
	8
	16
	8
	16

	Max HARQ RTT [ms]
	4
	8
	2
	4
	1
	2
	2
	4

	Cell Range [km]
	3
	3
	1
	1
	1
	1
	1
	1

	Propafation RTT [ms]
	0.02
	0.02
	0.0067
	0.0067
	0.0067
	0.0067
	0.0067
	0.0067

	Data transmission time [ms]
	0.5
	0.5
	0.25
	0.25
	0.125
	0.125
	0.25
	0.25

	HARQ-ACK duration [ms]
	0.5
	0.5
	0.25
	0.25
	0.125
	0.125
	0.25
	0.25

	UE processing time [ms]
	0.75
	0.75
	0.5
	0.5
	0.375
	0.375
	0.5
	0.5

	gNB processing time [ms]
	1.25
	1.25
	0.75
	0.75
	0.5
	0.5
	0.75
	0.75

	FH 2-way delay [ms]
	1
	1
	1
	1
	1
	1
	1
	1

	Loop RTT [ms]
	4.02 
	4.02 
	2.76 
	2.76 
	2.13 
	2.13 
	2.76 
	2.76 

	Margin[ms]
	-0.02 
	3.98 
	-0.76 
	1.24 
	-1.13 
	-0.13 
	-0.76 
	1.24 



Without yet having agreements on worst-case UE processing time it may be difficult to make the final decisions on the number of HARQ processes, but it does appear that 8 processes won’t be sufficient in all cases to support contiguous transmission to one UE.
Proposal #13: The maximum number of supported HARQ processes per carrier and per MIMO CW is common to all UEs capable of supporting mobile broadband services, and the value is fixed in the specification.
Proposal #14: Allocate 4 bits for HARQ process number indication per carrier and per MIMO CW in the DCI for both downlink and uplink, and support a maximum of 16 HARQ processes per CW.
4.2  UE processing time relation and relation to maximum number of HARQ processes
The table 1 in section 4.1 assumed UE processing time of 0.75 ms for 30 kHz SCS, 0.5 ms for 60 kHz and 0.375 and 0.5 ms for 120 kHz SCS. Observing the UE processing time analysis of RAN1#90 input [6], longer UE processing times were assumed (1.1 ms for 30 kHz, 0.66 ms for 60 kHz and 0.54 ms for 120 kHz SCS) for distributed DMRS. While the UE processing time is a factor in the selection of the number of HARQ processes for NR, it is even more important for the overall NR performance to support a low baseline UE processing time requirement in general.
Observing another RAN1#90 input [7], where two sets of UE processing times are suggested. The distributed DMRS processing time values being the same number of symbols for both categories, and still below 1 slot duration leading to similar ms values for 30 kHz as used in the Table 1 calculation, while driving the processing time even below the numbers assumed in the table for higher sub-carrier spacings. Such, more on the low-side UE processing time requirements that are universal to all UE types would be beneficial to the system.
Proposal #15: Strive for a low UE processing times that are universally applicable to all non-MTC UE types, where feasible.
5  Conclusions 
[bookmark: _Hlk492897650]In this contribution, we considered HARQ feedback timing, HARQ feedback determination and number of HARQ processes and made following proposals:
Proposals and observation on the HARQ feedback timing:
Proposal #1: Support semi-static configuration for timing relationship K1 in addition to the dynamic indication that was already agreed.
Proposal #2: Consider a predefined set of values for dynamic timing indication of K1 for the case when the timings are unknown to UE.
Proposal #3: Multiple DL HARQ processes are supported to facilitate continuous DL transmission also with self-contained operation. 
Proposal #4: Support indication of both starting position and the duration of the short PUCCH using a single index configured by RRC
Proposal #5: Dynamic indication of the PUCCH starting position for PDSCH mini-slot is based on Opt. 1 (slot index, and the starting symbol of the slot).  
Observation #1: There is no need to define the exact value for the parameter K3.
Proposals on the HARQ feedback determination:
Proposal #6: Determination of DL association set for HARQ feedback is flexible and based on the indicated timing relationship between DL data reception and corresponding acknowledgement.
Proposal #7: Both dynamic and semi-static determination of DL association set are supported. Dynamic and semi-static determination of HARQ-ACK codebook size are also supported for single carrier HARQ-ACK feedback. 
Proposal #8: DAI mechanism is used to mitigate error cases related to the dynamic determination of DL association set and HARQ-ACK codebook size.
Proposal #9: When DL association set is dynamically determined,
· DL association set starts from first TTI where PDSCH is associated to UCI transmission in certain UL TTI 
· Last TTI of the DL association set is the last PDSCH TTI for which UE can prepare HARQ ACK in time given the configured UE processing time. 
Proposal #10: DL association set and HARQ-ACK codebook size are determined separately for DL slots and mini-slots in the case of dynamic DL association set and HARQ-ACK codebook size determination, respectively. 
Proposal #11: HARQ-ACK bundling is supported at least across CBGs and across TBs. 
Proposal #12: HARQ-ACK bundling is semi-statically enabled/disabled via higher layer signalling. 
· HARQ-ACK bundling across TBs may be applied either semi-statically or dynamically 
· HARQ-ACK bundling across CBGs may be applied dynamically.
Proposals on the number of HARQ processes and UE processing time:
Proposal #13: The maximum number of supported HARQ processes per carrier and per MIMO CW is common to all UEs capable of supporting mobile broadband services, and the value is fixed in the specification.
Proposal #14: Allocate 4 bits for HARQ process number indication per carrier and per MIMO CW in the DCI for both downlink and uplink, and support a maximum of 16 HARQ processes per CW.
Proposal #15: Strive for a low UE processing times that are universally applicable to all non-MTC UE types, where feasible.
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