3GPP TSG-RAN WG1#90 																		R1-1714015 
Prague, Czech Republic, 21st – 25th August 2017 

Agenda item:		6.1.3.3.5.1
Source:	Nokia, Nokia Shanghai Bell
Title:	Timing aspects for HARQ-ACK feedback 
Document for:		Discussion and Decision
1	Introduction
Rel-14 NR study item [1] has been closed and a new Rel-15 WI dealing with New Radio Access Technology [2] has been approved. The work item should specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) as defined in TR 38.913. The NR under this work item should consider frequency ranges up to 52.6 GHz.
This contribution relates to 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). The following agreements have been made in the previous RAN1 meetings:
Agreements: (RAN1 #88bis)
· UE can be configured to "monitor DL control channel" in terms of slot or OFDM symbol with respect to the numerology of the DL control channel
· Specification supports occasion of "DL control channel monitoring" per 1 symbol with respect to the numerology of the DL control channel
· Note: This may not be applied to all type of the UEs and/or use-cases
· FFS whether or not total number of blind decodings in a slot when a UE is configured with "DL control channel monitoring" per symbol can exceed the total number of blind decodings in a slot when a UE is configured with "DL control channel monitoring" per slot
· Data channel (PDSCH, PUSCH) duration and starting position
· Specification supports data channel having minimum duration of 1 OFDM symbol of the data and starting at any OFDM symbol to below-6GHz, in addition to above-6GHz
· Note: This may not be applied to all type of UEs and/or use-cases
· UE is not expected to blindly detect the presence of DMRS or PT-RS
· FFS: Whether a 1 symbol data puncturing can be indicated by preemption indication
· FFS: combinations of data duration and granularities of data position
· Specification supports data having frequency-selective assignment with any data duration
· FFS: relations between "DL control channel monitoring" occasions and data channel durations
· Note: this is addition to the agreements at RAN1#86.
· Note : 1-symbol case may be restricted depending on the BW. 

· The duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission
· FFS: the starting/ending position of the data transmission
· FFS: the indicated duration is the number of symbols
· FFS: the indicated duration is the number of slots
· FFS: the indicated duration is the numbers of symbols + slots
· FFS: in case cross-slot scheduling is used
· FFS: in case slot aggregation is used
· FFS: rate-matching details
· FFS: whether/how to specify UE behavior when the duration of a data transmission in a data channel for the UE is unknown

Agreements: (RAN1 #88)
· When a UE transmits PUSCH/PUCCH or receives PDSCH based on DCI detected in group common search space, UE applies one of FFSs: default value or value provided by SIB and/or value signalled in DCI. 
· This applies at least for following.
· PDCCH to PDSCH time difference
· PDCCH to PUSCH time difference
· PDSCH to PUCCH time difference
· FFS: timing relations during random access procedure
· In case of DCI, FFS whether some entries is modified by UE specific RRC message.
· Note that this agreement does not preclude to include values provided by SIB also in UE specific RRC configuration

Agreements: (RAN1 NR Ad-Hoc)
· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values 
· The set of values is configured by higher layer
· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE
· FFS the value for the timing


Agreements: (RAN1 #86bis)
· For slot-based scheduling, NR specification should support the following
· DL data reception in slot N and corresponding acknowledgment in slot N+K1
· All UEs should support K1≥1 with exact values for K1 FFS
· Some UEs may support K1=0 (FFS conditions)

· NR supports operation of more than one DL HARQ processes for a given UE
· NR supports operation of more than one UL HARQ processes for a given UE
· FFS: URLLC case

· NR supports operation of one DL HARQ process for some UEs
· NR supports operation of one UL HARQ process for some UEs
· FFS: Conditions on supporting above 2 bullets
· Note: This does not mean the gNB has to schedule back-to-back
· Note: This does not mean the UE has to support K1=0 and/or K2 = 0

2	Discussion
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). Paramter 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	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 both 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, 6, 8] (slots)
· Option #3: A single value or a set of values for K1 is configured by SIB1 

[bookmark: _GoBack]The benefit of Option #1 is that it does not require additional signalling bits in DL/UL grants. 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	HARQ-ACK timing: self-contained operation
Self-contained operation is considered as NR –specific mode of operation for HARQ and scheduling timing. In principle, self-contained operation could allow to minimize DL/UL latency. Furthermore, it has inbuilt support for forward compatibility due to the fact that DL/UL scheduling does not impact outside the slot. The third advantage is that it allows to minimize the number of HARQ processes. On the other hand, self-contained operation is not a free lunch, as discussed below, and also in [4]:

Self-contained operation in the case of PDSCH scheduling is based on the usage of bi-directional slots, where PDCCH, PDSCH and the corresponding HARQ-ACK are conveyed in the same slot (K0=K1 =0). It has been agreed in RAN1#86bis that “Some UEs may support K1=0 (FFS conditions)”. Figure 1 visualizes the self-contained operation in the case of PDSCH HARQ-ACK (K0=K1 =0). It assumes subcarrier spacing 60 kHz and slot length of 7 OFDM symbols, respectively. In this scenario, self-contained operation would require that minimum processing time (X) for PDSCH detection and preparing HARQ-ACK after the end of DL data is less than 9 µs (assuming that only one symbol/slot is allocated to GP).
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Figure 1. UE processing time with self-contained operation: bi-directional slot with DL data
Generally speaking, in order to minimize overhead from GP with self-contained operation, X must be dimensioned according to Rx-Tx switching time at the UE. This may create excessive requirements for the UE’s processing capability, e.g. compared to LTE baseline. There are also some alternative solutions that can be considered as part of the self-contained operation:
· Limit the maximum TA value for UEs with self-contained operation. The problem is that the cell range will reduce accordingly.
· Increase the GP length. The problem is that spectrum efficiency will reduce accordingly. For example, in the example shown in Figure 1, increasing GP length by one additional symbol will create 14% extra overhead. At the same time, the processing time will increase only by 18 µs.
· Increasing the slot length allows increase of the GP length while keeping the GP overhead unchanged. This will improve also the UL coverage. The problem of this approach is that latency performance will reduce accordingly.   
· Limit the maximum payload when operating according to self-contained operation. 

Based on the above issues, it is quite clear that that self-contained operation cannot be seen as the baseline scheme for all scenarios. Instead, it may be feasible only for certain UE categories and/or service types. On the other hand, it can be noted that flexible HARQ/scheduling timing framework defined in NR has inbuilt support self-contained operation. Hence, it can be supported already in the first NR release. 

Observation #1: HARQ/scheduling timing framework defined in NR has inbuilt support self-contained operation.

2.3	Scheduling timing for DL retransmission: single HARQ-process
As agreed in RAN1#86, 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 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 BS.
· Maximum BS 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 BS)
· BS 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 BS processing time will increase only by 18 µs.

Increasing the number of HARQ processes is a much more efficient way to relax BS processing time requirements without increasing the GP overhead since each HARQ process will increase the BS processing time, Z, by the slot length (125 µs in the current example). This is illustrated in Figure 3.
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Figure 2. BS processing time with one HARQ process in DL.
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Figure 3. BS 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. On the other hand, when using asynchronous HARQ, it’s up-to BS 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 #2: There is no need to define the exact value for the parameter K3.

Proposal #4: Multiple DL HARQ processes are supported to facilitate continuous DL transmission also with self-contained operation. 


2.4	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. This can be indicated dynamically from the set of values configured by higher layer signalling.
· 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.
Observation #3: Mini-slot based operation for transmission of HARQ-ACK in UL requires that K1 and the mini-slot length can be indicated with symbol level granularity.

One of the issues related to mini-slot based for HARQ-ACK relates to flexible TDD. In other words, the scheduled (short) PUCCH may be part of the same or different slot. In order to manage the signaling overhead related to HARQ-ACK with symbol-level granularity, we propose a signaling solution using two delay parameters as information elements, where:
·  denotes the total signaled timing offset
·  denotes a first delay parameter in units of slots (= 1)
·  denotes a second delay parameter in units of OFDMA symbols e.g. counted from the first symbol of the slot (= 4)
An example is depicted in Figure 4.
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Figure 4. HARQ-ACK scheduling example with short PUCCH.

Proposal #4: In the case of mini-slot based operation, define K1 based on two delay parameters: one in the unit of slots, and another in the unit of OFDM symbols.
3	Conclusions
In this contribution we have discussed PUSCH scheduling timing for NR. Based on the discussion, we make the following proposals and observations:
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 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: In the case of mini-slot based operation, define K1 based on two delay parameters: one in the unit of slots, and another in the unit of OFDM symbols.
Observation #1: HARQ/scheduling timing framework defined in NR has inbuilt support self-contained operation.
Observation #2: There is no need to define the exact value for the parameter K3.
Observation #3: Mini-slot based operation for transmission of HARQ-ACK in UL requires that K1 and the mini-slot length can be indicated with symbol level granularity.
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