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1 Introduction

This contribution considers HARQ operation, including HARQ process determination considering the processing time, HARQ-ACK timing indication, and HARQ-ACK feedback design. 
2 HARQ process 
The following were agreed in previous RAN1 meeting related to the number of HARQ-ACK process and HARQ RTT in NR.  
Agreements:
· 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)
Agreements:
· NR UE supports a set of minimum HARQ processing time
· FFS: set size
· NR supports different minimum HARQ processing time at least for across UEs
· The HARQ processing time at least includes:

· Delay between DL data reception timing to the corresponding HARQ-ACK transmission timing

· Delay between UL grant reception timing to the corresponding 
UL data transmission timing

· NR UE is required to indicate its capability of minimum HARQ processing time to gNB
· FFS how the capability is indicated by UE
· e.g. reported processing time granularity
· e.g. dependency of DMRS pattern configuration
· FFS definition of minimum HARQ processing time

Agreements:
· For NR, RAN1 should consider the UE processing time(s) in terms of symbols (N1, N2) together with absolute time (in us), instead of slots (K)

· N1: 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.

· N2: the number of OFDM symbols required for UE processing from the end of NR-PDCCH containing the UL grant reception to the earliest possible start of the corresponding NR-PUSCH transmission from UE perspective.

· Note the timing advance is not included in N1 and N2

· FFS whether other aspects, e.g. UE UL/DL switching time, etc. are included in N1 and N2

· FFS between the following for each combination defined in the next slide

· Opt 1: UE reports N1 and N2 as UE capability

· Opt 2: Fixed values of N1 and N2
· UE is not expected transmit anything in uplink if the network set the values of K1 and/or K2 without leaving sufficient time for UE processing
Agreements:
The candidate factors for (N1,N2) processing time characterization (Step 3) are given in following table
· Nominal assumptions are provided for this characterization in the table, for which the (N1,N2) values are evaluated
· Additional candidate factors indicated in [] can be optionally considered for (N1,N2).
· It is understood that if nominal assumptions change, the (N1,N2) characterization can be modified accordingly.

Candidate factors for UE processing time (N1,N2)
	
	N1
	N2

	Nominal assumptions
	Single carrier / Single BWP / Single TRP

· Full range of MCS and multi-layer support up to the 4-layer MIMO and 256-QAM

· Up to 3300 active subcarriers2
PDCCH

· Same numerology / BWP as PDSCH

· Single grant monitored for PDSCH

· 44 blind decodes, single symbol CORESET

PDSCH

· PDSCH does not precede PDCCH

· 14-symbol slot-based scheduling

· Frequency-first RE-mapping, no time-interleaving of CBs across TB

PUCCH 

· Short formats for HARQ-ACK
	Single carrier / Single BWP / Single TRP

· Full range of MCS and multi-layer support up to the 2-layer MIMO and 64-QAM

· Up to 3300 active subcarriers

PDCCH

· Same numerology / BWP as PUSCH

· Single grant monitored for PUSCH

· 44 blind decoding, single symbol CORESET

PUSCH

· 14-symbol slot-based scheduling

· No time-interleaving of CBs across TB 

· DFTsOFDM or OFDM

· Front loaded DMRS for low latency4
· No UCI multiplexing

	Candidate factors 
	· SCS

· DMRS configuration3
· [Percentage of peak rate]

· [RE-mapping1]
	· SCS

· RE-mapping (depending on specification)1 

· [Percentage of peak rate]




2.1 HARQ process number and RTT
Consideration of processing time and HARQ RTT

For UE scheduling in consecutive slots, the number of HARQ processes should be determined by the HARQ RTT. For example, if the HARQ RTT is 8 slots, then the number of HARQ processes for a UE should be at least 8 for contiguous data scheduling. The minimum processing delay and HARQ RTT depends on the UE capability, where the capabilities are for the minimum processing time of K0, K1, K2. The important issue is the maximum value supported in NR specifications regarding the minimum UE processing time. This also affects the required soft buffer size for a UE. Although the LTE value of K1=4 can be reduced, it is preferable to not mandate such reduction for all UE categories in Phase I. The network can account for other delays such as fronthaul/backhaul, propagation, etc. When processing delay and HARQ RTT are discussed, the baseline for Phase 1 can be the timing of LTE.

The minimum HARQ RTT is dependent on processing time, timing advance, and so on. It was agreed that HARQ-ACK and UL scheduling timing can be indicated by higher layer signaling, L1 signaling, or both. Therefore, HARQ RTT can be variable and, to maximize soft buffer utilization, the maximum number of HARQ processes may need to also be variable. 

Consideration of peak rate and maximum bandwidth

UE peak rate/maximum bandwidth may affect the required minimum processing time, which leads to different number of required HARQ processes. This is because the number of bits required to be processed will vary according to UE peak rate/maximum bandwidth. In LTE, each UE category defines soft buffer size and maximum number of data bits that a UE can receive in a TTI. The maximum number of data bits that a UE can receive in a TTI can be derived by the maximum TBS and the maximum supported number of CCs/cells. As discussed above, even for the same maximum number of data bits per TTI, the maximum TBS and the supported number of CCs may not be fixed. The above factors such as soft buffer size and maximum TBS can affect HARQ RTT. Regarding HARQ RTT, UE can report its capability to the gNB, e.g., minimum HARQ timing for a given maximum TBS and given TTI length. Therefore, the number of HARQ processes that a UE supports may be related to how UE categories are defined in NR. 

The appropriate numbers of HARQ processes may be different among use cases of NR, e.g., eMBB, URLLC, mMTC. For URLLC, supporting only one HARQ process may often be enough. For eMBB, a smaller number of HARQ processes will restrict the number of contiguous data scheduling according to the minimum HARQ-ACK feedback timing. For example, if the minimum RTT is k, at least k HARQ processes are required for an eMBB UE to receive data transmission continuously. In order to maximize eMBB throughput performance, contiguous data scheduling should be supported for eMBB UEs. 

HARQ process number indication and soft buffer management

The number of DCI format bits for indicating the HARQ process number should be configurable. This number then determines the maximum number of HARQ processes. A smaller number than the maximum one does not need to be explicitly configured to the UE as it will restrict scheduler operation and can be handled by UE implementation. 

What can be useful for UE implementation to improve use of the soft buffer, in case of CA or DC, is for the gNB to indicate the UE soft buffer partitioning per cell as different data rates can exist per cell (e.g. macro vs. small cell or below-6 vs. above 6) even though the number of actually used HARQ processes can be similar/same [1]. 

For the maximum number of HARQ processes, the following issues should also be considered. 

· Whether to support HARQ process sharing among carriers for CA scenario 

· Whether to support HARQ process sharing among different numerologies
Number of HARQ processes for DL and UL

The number of CWs in PDSCH/PUSCH and 1/2 CW per HARQ process need to be considered since these aspects may be different between DL/UL. For example, when the UE is configured to transmit or receive up to 4 layers, 1 CW per HARQ process is used. When the UE is configured receive up to 8 layers, 2-CW per HARQ process is used (note: at this point the maximum number of layers is 8 for DL and 4 for UL). The number of DCI format bits for the HARQ process number can be separately configured for DL and UL.
As the above discussion, the followings are proposed.

Proposal 1: For processing delay and HARQ RTT, the baseline for Phase 1 can be the LTE timing.
2.2 HARQ process maintenance for multiple numerologies 
For synchronous HARQ, there is no need to maintain a HARQ process number and hence there is no issue with sharing HARQs across numerologies. However, for asynchronous HARQ, sharing HARQ processes across numerologies needs to be further considered. 

When a UE can simultaneously process multiple numerologies, i.e., the UE has multiple FFT blocks, then the numerologies can be FDM for one UE. Such an operation is similar to CA, HARQ procedures mentioned in the previous section can be used, and each numerology can maintain an independent HARQ process. 
For TDM of numerologies in a single carrier, for example to support different verticals, and unlicensed band applications for immediate channel occupancy post LBT, HARQ processes may be shared across different numerologies. However, such a sharing can lead to latency issues especially for low-latency (shorter TTI) applications if a respective HARQ process is associated with a different numerology (longer TTI). An example is shown in Figure 1 where the n->n+4->n+8 timeline is assumed for HARQ procedures. The top block represents numerology 1 that has twice the TTI duration of numerology 2 in the bottom block. If these numerologies share HARQ procedures, HARQ-ACK for the second numerology will have to wait and thereby the latency increases and the required number of HARQ processes for maximum data rate increases. 
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Figure 1: An example TDM numerology multiplexing
Proposal 2: Each numerology has its own HARQ process irrespective of TDD/FDD and TDM/FDM of numerologies. 
3 HARQ-ACK timing indication 
The following were agreed in previous RAN1 meetings related to the HARQ-ACK timing indication in NR.  

Agreements:

· Timing relationship between DL data reception and corresponding acknowledgement can be (one or more of, FFS which ones)

· dynamically indicated by L1 signaling (e.g., DCI)

· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)

· FFS: minimum interval between DL data reception and corresponding acknowledgement

· FFS: common channels (e.g. random access)

Agreements:

· Timing between DL data reception and corresponding acknowledgement is indicated by a field in  the DCI from a set of values
· The set of values is configured by higher layer
The timing between DL data reception (PDSCH) and corresponding HARQ-ACK is indicated by a field in the DCI from a set of values that are configured by higher layer signaling. When a UE is configured with multiple numerologies for PDSCH receptions, the HARQ-ACK timing can be configured per numerology if UE processing time depends on numerology, e.g., SCS. 

Another open issue is how to determine the HARQ-ACK timing when configured HARQ-ACK timing is not available, for example, during the initial access or RRC reconfiguration. For simplicity, a set of HARQ-ACK timing can be broadcasted via SIB or a default value can be used, e.g., K1 =4 ms as LTE. The same mechanism can be applied to DCI detected in common search space.  
For SPS PDSCH, only the first PDSCH transmission is scheduled by DCI and other PDSCHs are transmitted periodically. The HARQ-ACK feedback timing for SPS PDSCH can be indicated by a field in the DCI of SPS activation. 
Proposal 3: Regarding HARQ-ACK timing, 

· Sets of HARQ-ACK timing values are separately configured by higher layer signaling for different numerologies if UE processing time depends on numerology.
· When UE does not know the configured HARQ-ACK feedback timing, the possible values are broadcasted via SIB and indicated by DCI. 
· For SPS PDSCH, the HARQ-ACK feedback timing can be indicated by a field in the DCI of SPS activation.
4 HARQ-ACK feedback 

The following were agreed in previous RAN1 meetings related to HARQ-ACK feedback in NR. HARQ-ACK codebook design, HARQ-ACK bundling/multiplexing, and ‘polling HARQ-ACK’ are discussed based on these agreement.  
Agreements:

· The following is supported for NR 

· From UE perspective, HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL data/control region is supported.
…..
Agreements:
· HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers is supported.
· FFS: in case of CBG-based re-transmission.
Agreements:
· Consider whether/how to support more than one HARQ-ACK bits per TB.

· Consider whether/how to support single HARQ-ACK bit per multiple TBs, e.g., HARQ-ACK bundling.
Agreements:
· For NR CA, both semi-static and dynamic HARQ-ACK codebook are supported

· NR supports 2 cell groups for PUCCH for NR CA

· NR supports at least the configuration of one carrier transmitting the PUCCH within the cell group

· FFS The carrier transmitting the PUCCH is always PCC and/or carrier(s) transmitting the PUCCH can be SCC in a cell group containing PCC

4.1 HARQ-ACK codebook 
In LTE, there are two dimensions for HARQ-ACK multiplexing. 

· A cell dimension for HARQ-ACK multiplexing across multiple carriers (i.e., for CA).

· A time dimension for HARQ-ACK multiplexing across multiple subframes (i.e., for TDD). 

NR also needs to support the cell and time dimensions for HARQ-ACK multiplexing with some enhancements as is subsequently discussed.  In addition, NR supports CBG-based transmission and this adds a 3rd dimension for HARQ-ACK multiplexing. Furthermore, different numerologies such as different sub-carrier spacing or different duration for a transmission can be used by different NR carriers or even in a single NR carrier. 

Similar to LTE, both semi-static and dynamic HARQ-ACK codebook determination are supported for NR CA. The design should be based on the usual metrics of HARQ-ACK overhead, DCI overhead, scheduling flexibility, and avoidance of error cases.
· Semi-static HARQ-ACK codebook  

In LTE, the UL subframe for HARQ-ACK transmission has a fixed timing relation relative to DL subframe(s) of corresponding PDCCH/PDSCH receptions. To enable more flexible operation and dynamic slot structure, flexible/configurable HARQ-ACK timing is adopted by NR. With flexible HARQ-ACK timing, the HARQ-ACK bundling window size can be variable. The bundling window can be derived from a higher-layer configured range for HARQ-ACK timing, i.e., the start of the window is determined by the minimum value of HARQ-ACK timing while the end of the window corresponds to the maximum value of HARQ-ACK timing. Then, the semi-static HARQ-ACK codebook size is determined by the number of candidate HARQ timings configured by higher-layer signaling, the granularity of PDCCH monitoring occasions in time domain and the PDSCH transmission duration. In addition, the HARQ-ACK codebook size can also be adjusted based on gNB’s indication, e.g., UL-DAI in Rel-8 TDD or RRC configuration. As shown in figure 2, there are 2 bits in DCI to indicate the HARQ-ACK timing (number of candidate HARQ timings = 4), and the set of higher-layer configured timing is 2, 3, 4 and 6. So, for a given UL slot, e.g., #7 UL slot, the associated bundling window consists of DL slot #1,3 and 5. It does not necessarily consists of consecutive DL subframes. And the semi-static HARQ-ACK codebook size is 4. UE generates NACK/DTX for DL slot #1 and #4, and ACK or NACK according to the decoding outcome for DL slot #3 and #5 assuming UE receives the corresponding DL assignment. If gNB configures the bundling window size as 2, the HARQ-ACK codebook size should be 2 rather than 4 wherein UE is not expected to receive more than 2 PDSCHs associated with the same UL slot. 

[image: image2.emf]DL

#1 #2 #3 #4 #5

UL

#1 #2 #3 #4 #5

#6 #7

#6 #7 #8

Bundling window for UL slot #7

#9

Bundling window for UL slot #9

Scheduled PDSCH with HARQ 

timing targeting #7 UL slot

Scheduled PDSCH with HARQ 

timing targeting #9 UL slot

Unscheduled


Figure 2: bundling window for dynamic HARQ-ACK timing  
For a UE configured with DL CA for cells with different PDCCH monitoring periodicities (can be the same numerology or different numerology), HARQ-ACK timing can be with respect to one of the configured PDCCH monitoring periodicities. Regardless of FDD or TDD operation, when a first PDCCH monitoring periodicity is P times longer than a second PDCCH monitoring periodicity, for HARQ-ACK codebook determination, the first PDCCH monitoring periodicity corresponds to a bundling window with size of P slots for cells using the second PDCCH monitoring periodicity and operation can resemble the one in LTE for FDD-TDD CA or TDD CA with different UL-DL configurations. As shown in figure 3, the slot duration is different for two DL CCs. Assuming 2 bits in DCI to indicate the HARQ-ACK timing of 1, 2, 3 and 4 slot (with reference to slots for PUCCH transmissions), and the UE is configured to monitor PDCCH in every DL slot on each DL CC. Then, for a given UL slot, e.g., #7 UL slot, the associated bundling window for DL CC1 consists of DL slot #3 ~6  and DL slot #5~#12 for DL CC2. 
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Figure 3: bundling window for DL CCs with different numerology 
A semi-static HARQ-ACK codebook is appropriate in conjunction with the use of block codes, such as RM codes, as the gNB receiver can directly use prior knowledge of some HARQ-ACK information transmitted from a UE (in particular NACK/DTX values corresponding to PDCCH monitoring periods where the gNB did not schedule the UE) and achieve practically the same performance as when the HARQ-ACK codebook is dynamically determined through the use of DAI fields. However, due to use of dynamic HARQ-ACK timing, HARQ-ACK feedback per cell can be for multiple PDSCH transmissions, and due to the use of CA, HARQ-ACK feedback can also be for multiple cells. Further, due to CBG based retransmissions, HARQ-ACK feedback can be for multiple CBGs. Therefore, it is expected that semi-static HARQ-ACK codebook will typically lead to HARQ-ACK payloads well above 12 bits even with limited DL CA or no DL CA. Polar codes are not practically capable of exploiting a-priori information and therefore a semi-static HARQ-ACK codebook with larger payload will often lead to a significant increase in required SINR for achieving a target BLER.
· Dynamic HARQ-ACK codebook  

Dynamic HARQ-ACK codebook determination is desirable for minimizing HARQ-ACK payload and improving resource utilization and coverage. The total DAI and counter DAI based method from Rel-13 eCA can be a starting point. A DAI is determined/ accumulated within a bundling window that can include a variable number of PDSCH transmissions and the last PDSCH transmission can be determined from the HARQ-ACK timing indication in the DCI.  

For the operation of a DAI field, cells using different PDCCH monitoring periodicities can be divided into respective groups according to the PDCCH monitoring periodicity. A value of a DAI field in a DL DCI format is set with respect to cells with same PDCCH monitoring periodicity. Figure 4 illustrates an example for the functionality of {Counter DAI, Total DAI, Timing Indication} fields where the Counter DAI and the Total DAI functionality is as for eCA in LTE. Alternatively, the value of DAI is set to the total number of PDCCHs across all scheduled DL CCs in the order of PDCCH occasion in time domain, as shown in Figure 5.   
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Figure 4: Use of {Counter DAI, Total DAI, Timing Indication} for HARQ-ACK codebook determination.
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Figure 5: Use of {Counter DAI, Total DAI, Timing Indication} for HARQ-ACK codebook determination.
Another issue is whether the functionality of DAI needs to be enhanced in NR when CBG-based HARQ-ACK is supported. With the introduction of CBG-level feedback, existing DAI with the granularity of per PDSCH transmission cannot indicate missed CBGs, even when gNB configures HARQ-ACK feedback per PDSCH according to the indicated CBGs, because the number of configured or scheduled  CBGs can be different on different carriers, as shown in Figure 6. CBG-based and TB-based scheduling can be configured separately for each carrier, e.g., URLLC may appear on some carriers while not on other carriers. Thus, the DAI functionality needs to be modified when CBG-based retransmissions are configured, e.g., CBG-level DAI. The number of DAI bits in the DCI may need to be increased subject to a tradeoff between UCI overhead and DCI overhead [2]. 
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Figure 6: HARQ-ACK ambiguity for dynamic HARQ-ACK codebook {Rel-13 Counter DAI, Total DAI }
Proposal 4: Regarding HARQ-ACK multiplexing, 

· The HARQ-ACK bundling window can be derived from a higher-layer configured range for HARQ-ACK timing or be explicitly configured. 
· A semi-static HARQ-ACK codebook size is determined by the bundling window size, the number of configured carriers, and the maximum number of HARQ-ACK bits per TB if CBG-based HARQ-ACK feedback is configured.  
· For dynamic HARQ-ACK codebook determination, the DAI-based mechanism of LTE eCA is baseline. CBG-level DAI is introduced for CBG based retransmission. 
· A HARQ-ACK codebook can consist of HARQ-ACK sub_codewords where a sub_codeword includes HARQ-ACK information for a group of DL cells with same PDCCH monitoring periodicity, or the HARQ-ACK codebook can consist of HARQ-ACK for all DL cells according to the time and cell index of detected PDCCH.  
4.2 HARQ-ACK codebook size reduction
The HARQ-ACK payload to support shorter scheduling intervals or CBG-based retransmissions can be a multiple of the one in Rel-13 eCA. Therefore, some restrictions on the maximum number of HARQ-ACK bits per TB and/or on the number of PDSCH transmissions having HARQ-ACK feedback in a same HARQ-ACK codebook need to be considered for practical realizations. It can also be necessary to perform HARQ-ACK compression/bundling for coverage limited UE.
NR supports one codeword up to 4 layers and 2 codewords for more than 4 layers.  Similar to LTE, the spatial bundling of two codewords can be one efficient way to reduce UCI payload. PDSCH transmission efficiency degradation due to spatial bundling is small according to evaluations in LTE (e.g. less than 5%). Because the probability of scheduling two codewords is much lower in NR than that in LTE, wherein >4 layers corresponds to  2 codewords in NR while >1 layer in LTE, the degradation of spatial bundling is further reduced in NR. One aspect which needs further study is how to perform spatial bundling when a UE is configured with CBG-level HARQ-ACK feedback and the number of CBGs of 2 codewords is different. 
In NR, PDSCH transmission duration can be shorter than 1ms subframe in LTE. Typically, as the channel fading over adjacent symbols/slots may not significantly change at low or moderate speeds, PDSCH transmission efficiency degradation by bundling HARQ-ACK from multiple PDSCH transmission in time domain can be smaller compared to LTE. However, the interference over different symbols/slots can significantly vary due to multiple transmission durations in NR and this reduces the correlation in the time domain. Furthermore, URLLC transmission pre-empting the on-going eMBB transmission randomizes the probability of correct decoding for each PDSCH transmission.    

Therefore, unless the scenario in which the UCI payload needs to be restricted due to coverage reasons, HARQ-ACK feedback should not rely on time-domain bundling. 
Regarding frequency domain bundling, it is not supported by LTE considering very low correlation between channels over different carriers. In NR, there are no new scenarios or motivations to support carrier-domain bundling. 

One new dimension to perform bundling in NR is the CBG domain. Bundling all CBGs of a TB is equivalent to TB-level HARQ-ACK feedback which is already supported, i.e., 1 HARQ-ACK bit per TB. If the CBG-level bundling is configured by higher-layer signaling, it naturally means that the gNB configures conventional TB-level scheduling without per-CBG indication in DCI. 
Proposal 5: Regarding HARQ-ACK bundling,

· Support spatial-domain bundling. 
· Consider time-domain bundling only for coverage limited operation.
·  Frequency-domain (carrier-level) bundling is not supported in NR. 
4.3  ‘Polling’ HARQ-ACK
With ‘HARQ-ACK polling’, a UE transmits HARQ-ACK for all the previous received PDSCH if UE receives a ‘polling’ indication. Such indication can be carried DL assignment or a special DCI dedicated for the HARQ-ACK polling. 
One suggested benefit of HARQ-ACK polling is to save some HARQ-ACK timing indication bits in the DCI while a special DCI dedicated for HARQ-ACK polling is counterproductive, especially when this special DCI needs to be frequently transmitted. 

However, a limited DCI payload reduction is offset by several disadvantages. First, removing HARQ-ACK timing indication bits in DCI formats means that the timing between PUCCH and the ‘polling’ indication is fixed or semi-static configured, which may not work properly in dynamic TDD systems. Second, a miss-detection of the DCI triggering the HARQ-ACK feedback does not only lead to miss-detection of scheduled PDSCH but also to loss of HARQ-ACK feedback for all PDSCH belonging to one ‘HARQ-ACK group’. Third, HARQ-ACK feedback for all PDSCHs in the ‘HARQ-ACK group’ may lead to useless feedback for some PDSCHs. For example, if the ‘HARQ-ACK group’ is semi-statically determined by HARQ-process grouping, HARQ-ACK feedback for one ‘HARQ-ACK group’ can only be triggered by DCI scheduling the PDSCH associated with the HARQ process in the same group. Further, once the feedback is triggered, the UE needs to transmit HARQ-ACK for all PDSCHs in the group even if the HARQ-ACK of some HARQ process is already transmitted earlier (if there is no time window for HARQ-ACK polling) or even if there is no PDSCH transmission for some HARQ processes. 

The ‘polling’ HACK-ACK may be useful for PUCCH transmissions on unlicensed bands. When UE fails to access the channel for HARQ-ACK feedback in one UL slot, the gNB can indicate the polling again without retransmitting all the PDSCHs. However, to achieve this goal, other simpler mechanisms [3] that are also applicable to licensed bands can be considered rather than ‘polling’ HARQ-ACK. 
Observation 1: HARQ-ACK ‘polling’ is associated with a series of disadvantages for NR Phase I deployment scenarios. 

5 Conclusion

This contribution considered HARQ management and feedback, and proposes the following.
Proposal 1: For processing delay and HARQ RTT, the baseline for Phase 1 can be the LTE timing.
Proposal 2: Each numerology has its own HARQ process irrespective of TDD/FDD and TDM/FDM of numerologies. 

Proposal 3: Regarding HARQ-ACK timing, 

· Sets of HARQ-ACK timing values are separately configured by higher layer signaling for different numerologies if UE processing time depends on numerology.
· When UE does not know the configured HARQ-ACK feedback timing, the possible values are broadcasted via SIB and indicated by DCI. 

· For SPS PDSCH, the HARQ-ACK feedback timing can be indicated by a field in the DCI of SPS activation.
Proposal 4: Regarding HARQ-ACK multiplexing, 

· The HARQ-ACK bundling window can be derived from a higher-layer configured range for HARQ-ACK timing or be explicitly configured. 

· A semi-static HARQ-ACK codebook size is determined by the bundling window size, the number of configured carriers, and the maximum number of HARQ-ACK bits per TB if CBG-based HARQ-ACK feedback is configured.  
· For dynamic HARQ-ACK codebook determination, the DAI-based mechanism of LTE eCA is baseline. CBG-level DAI is introduced for CBG based retransmission. 
· A HARQ-ACK codebook can consist of HARQ-ACK sub_codewords where a sub_codeword includes HARQ-ACK information for a group of DL cells with same PDCCH monitoring periodicity, or the HARQ-ACK codebook can consist of HARQ-ACK for all DL cells according to the time and cell index of detected PDCCH.  
Proposal 5: Regarding HARQ-ACK bundling,

· Support spatial-domain bundling. 

· Consider time-domain bundling only for coverage limited operation.

· Frequency-domain (carrier-level) bundling is not supported in NR.

Observation 1: HARQ-ACK ‘polling’ is associated with a series of disadvantages for NR Phase I deployment scenarios. 

Reference

[1] R1-1716008, Soft Buffer Management, Samsung.

[2] R1-1716006, CBG-Based DL/UL Retransmissions, Samsung. 
[3] R1-1710736, Triggered UCI Transmissions, Samsung. 
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