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1 Introduction

During the Rel-14 SI on NR, at RAN1 #86bis meeting, RAN1 agreed to the following on timing relationships in NR [1]:

· 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)

· UL assignment in slot N and corresponding uplink data transmission in slot N+K2

· All UEs should support K2≥1 with exact values for K2 FFS

· Some UEs may support K2=0 (FFS conditions)

· 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)

At the 1st ad-hoc meeting on NR, the following was agreed [2]:

· 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 between UL assignment and corresponding UL 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 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
· 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

At the RAN1#88 meeting, the following agreements were made regarding data scheduling in NR in time and frequency domains [3]:
· 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
In this contribution, we discuss some aspects on timing relationships between physical channels in NR mainly considering DL scheduling and scheduling delays and their indication.
2 Scheduling delays
It has been already agreed to support dynamic indication of scheduling delays using a combination of DCI-based signaling from a set of values configured by higher layers.
Considering the recent agreements on the support of DL control channel monitoring at OFDM symbol level and support of flexible data channel duration, how the scheduling delays for scheduling of PDSCH or PUSCH relative to the PDCCH carrying the DL assignment or UL grant respectively apply need to be determined.

In this regard, the delay (‘K0, K1, K2’) values can still be indicated in terms of slots. In order to indicate gaps between the PDCCH occasion and the scheduled PDSCH/PUSCH that are less than a slot duration, if both control and data (or start of data channel) happen to be in the same slot, then the time gap from the PDCCH to the start of the data channel is indicated by indicating the starting symbol of the corresponding data channel, and the corresponding ‘K’ value is 0. In addition, if the control and the start of the data channel happen to be in different slots, then the corresponding ‘K’ value indicates the difference between these slot indices, while any further time gap from the beginning of the slot to the start of the scheduled data channel can be indicated using the starting symbol within the slot for the data channel.
Proposal 1
· Scheduling delays are indicated using the ‘K0’ and ‘K2’ values in units of slots of the corresponding numerology and the starting symbol within a slot for the corresponding data channel (PDSCH and PUSCH respectively).

If cross-numerology scheduling is supported, wherein the numerologies between the PDCCH and the PDSCH/PUSCH are different, the lengths of a “slot” for the two numerologies can be different. In order to ensure alignment at the slot boundaries and flexible access to the finer time domain granularity of the larger SCS, the unit of K0 and K2 should be in terms of the slot definition of the numerology with the larger SCS. 
Proposal 2
· For cross-numerology scheduling (if supported), scheduling delays, K0 and K2 values, are indicated in terms of slots corresponding to the numerology with larger subcarrier spacing (SCS).

For certain cases of DL scheduling, the UE may need to decode the PDCCH before it may be able to receive the scheduled PDSCH. These could be when the UE monitors PDCCH in a BW part that is non-overlapping with the BW part on which the PDSCH is scheduled. Another example is when the beam pair link (BPL) used for PDSCH is indicated in the PDCCH. In such cases, there should be a sufficient time gap between the PDCCH and the scheduled PDSCH to enable the UE to perform the PDCCH decoding and adjust either its carrier frequency and/or RF bandwidth or its receiver beamforming. This time gap should be dimensioned considering the decoding time for the PDCCH blind decoding attempts and the exact value(s) should be determined once the PDCCH blind decoding requirements are determined.

Proposal 3
· In cases wherein the UE may need to decode the PDCCH in order to receive the PDSCH, sufficient amount of minimum scheduling delay should be guaranteed considering the time necessary for PDCCH blind decoding in the search space.

3 Timing relationships during initial access

Depending on UE capabilities, the DL and UL data and HARQ timing may be different across UEs. Thus, at least for UEs in connected mode, the “higher layer signalling” used to configure the set of delay values can use dedicated RRC signalling. However, during initial access, the sets of values for K0, K2 and K1 for scheduling and HARQ timing respectively are not available at the UE. Hence, certain determination rule of scheduling and HARQ timing needs to be defined to allow UE to know when to receive or transmit the data and HARQ-ACK feedback.
Msg2 (RAR) scheduling

For the case of Msg2 transmission, the timing between the PDCCH and the PDSCH carrying the RAR, K0, can be predefined in the specifications. While this could be seen as somewhat restrictive, in practice, given the lack of knowledge at the eNB regarding the targeted UE(s), there may not be much room to realize scheduling flexibility nor optimize the PDSCH transmission attributes. Thus, the simplest option of using a pre-defined value for K0 may be sufficient. 

Further, K0=0 can be considered in view of allowing the eNB to address detected UE(s) as soon as possible within the RAR window.

Timing between RAR and Msg3 

The time gap between the PDSCH carrying RAR and the initial transmission of the PUSCH carrying Msg3 can be pre-defined in the specifications. Further, if additional flexibility is desired, a 1-bit UL delay indication in the RAR similar to that in LTE may be applied. Here, it should be emphasized that towards realizing an efficient initial access procedure, it is desirable to minimize the size of the DCIs and the RAR during initial access considering the limited opportunities of accurate link adaptation and beamforming due to the very limited information at the gNB regarding the channel quality to the target UE(s).

Scheduling delay for Msg3 retransmission and Msg4 scheduling
Msg3 retransmission and Msg4 are scheduled using PDCCH. Again, the simplest option here could be to use a pre-defined time-gap between the PDCCH and the PUSCH carrying the Msg3 retransmission. 

However, considering that the same DCI as used for UL grant and DL assignment may be used for indication of Msg3 retransmission and Msg4 scheduling, it is reasonable to have the DCI indicate the scheduling delay values (K2 for Msg3 reTx and K0 for Msg4 scheduling) from corresponding sets of K2 and K0 values that are configured via SIB-signalling. 

In case different UEs are to be differentiated prior to Msg3 transmission itself, e.g., via use of different PRACH resource sets, and their capabilities may affect the supportable values of K0 and K2 (at least for the case of K2 values), such sets of values may be configured in the SIB on a per-PRACH resource set basis. 

Proposal 4
· During initial access:

· For Msg2 scheduling: The time gap between PDCCH and corresponding PDSCH carrying RAR is fixed to 0.

· For Msg3 initial transmission: The time gap between the RAR and the initial Msg3 transmission is predefined in the specification with support of indication of an additional delay using a 1-bit UL delay field in the RAR.

· For Msg3 retransmission: The time gap between the PDCCH and the PUSCH carrying Msg3 is indicated using the UL grant in the PDCCH from a set of values configured via SIB signaling.

· For Msg4 scheduling: The time gap between the PDCCH and the PDSCH carrying Msg4 is indicated using the DL assignment in the PDCCH from a set of values configured via SIB signaling.
3.1 Timing relationships during RRC reconfiguration

In case of RRC reconfiguration, the scheduling and HARQ timing including K0, K1 and K2 values may be updated. To handle any ambiguity period during RRC reconfiguration, within a specified timing gap, e.g., N slots after PUCCH carrying ACK feedback for corresponding PDSCH carrying RRC reconfiguration, UE may still use old set of values for K0, K1 and K2 before RRC reconfiguration for scheduling and HARQ timing.
Proposal 5
· During RRC reconfiguration, within a specified timing gap, e.g., N slots after PUCCH carrying ACK feedback for corresponding PDSCH carrying RRC reconfiguration, UE may still use the old set of values for K0, K1 and K2 before RRC reconfiguration for data scheduling and HARQ timing.
4 Conclusions

In this contribution, we shared our views on some aspects related to timing relationships between physical channels in NR. Based on the discussion, we summarize our views through the following proposals:
Proposal 1
· Scheduling delays are indicated using the ‘K0’ and ‘K2’ values in units of slots of the corresponding numerology and the starting symbol within a slot for the corresponding data channel (PDSCH and PUSCH respectively).

Proposal 2
· For cross-numerology scheduling (if supported), scheduling delays, K0 and K2 values, are indicated in terms of slots corresponding to the numerology with larger subcarrier spacing (SCS).

Proposal 3
· In cases wherein the UE may need to decode the PDCCH in order to receive the PDSCH, sufficient amount of minimum scheduling delay should be guaranteed considering the time necessary for PDCCH blind decoding in the search space.

Proposal 4
· During initial access:

· For Msg2 scheduling: The time gap between PDCCH and corresponding PDSCH carrying RAR is fixed to 0.

· For Msg3 initial transmission: The time gap between the RAR and the initial Msg3 transmission is predefined in the specification with support of indication of an additional delay using a 1-bit UL delay field in the RAR.

· For Msg3 retransmission: The time gap between the PDCCH and the PUSCH carrying Msg3 is indicated using the UL grant in the PDCCH from a set of values configured via SIB signaling.

· For Msg4 scheduling: The time gap between the PDCCH and the PDSCH carrying Msg4 is indicated using the DL assignment in the PDCCH from a set of values configured via SIB signaling.
Proposal 5
· During RRC reconfiguration, within a specified timing gap, e.g., N slots after PUCCH carrying ACK feedback for corresponding PDSCH carrying RRC reconfiguration, UE may still use the old set of values for K0, K1 and K2 before RRC reconfiguration for data scheduling and HARQ timing.
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