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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)

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

Subsequently, 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
· Resource allocation for data transmission for a UE not capable of supporting the carrier bandwidth can be derived based on a two-step frequency-domain assignment process 

· 1st step: indication of a bandwidth part

· 2nd step: indication of the PRBs within the bandwidth part

· FFS definitions of bandwidth part
· FFS signaling details
· FFS the case of a UE capable of supporting the carrier bandwidth
· NR supports both contiguous and non-contiguous resource allocation for data with CP-OFDM for both UL and DL
· FFS detailed for both contiguous and non-contiguous resource allocation schemes
In this contribution, we present our view on certain aspects of DL and UL data scheduling in time and frequency domain in NR.  

2 Data scheduling in time domain
In this section, we discuss various considerations on data scheduling in time domain with focus on scheduling at the slot-level and time domain resource allocation within a slot, as well as handling of scheduling delays and HARQ timing during initial access and during RRC reconfiguration.  

2.1 Scheduling at slot-level

As quoted in the Introduction section, it has been agreed that for slot-based scheduling, the scheduling delays between the DL assignment and the scheduled PDSCH (‘K0’) and that between the UL grant and the corresponding PUSCH (‘K2’) transmission are indicated via a combination of higher layer signalling and indication in the DCI. 
While the exact candidates and values of the delays (K0 and K2) depend on various considerations including the primary use cases for cross-slot scheduling, handling of multiple numerologies, signalling overhead and DCI sizes, the minimum values should take into account at least the following aspects:
· For K2 and K0 (in certain cases) values: Processing time for PDCCH demodulation and decoding, that could depend on the monitored BW for PDCCH, the total number of blind decoding attempts, the PDCCH structure, subcarrier spacing (SCS) used for the PDCCH, etc. 
· Note that non-zero values may be necessary for the case of PDSCH scheduling, i.e., K0 value. Specifically, for instances wherein the UE may need to know the choice of receiver beamforming or the second RF bandwidth to receive the PDSCH, it would be necessary for the UE to decode the PDCCH first in order to be able to receive the PDSCH.
· For K2 value: Processing time required for the UE to prepare the UL packet.

· For K2 value: The timing advance (TA) that the UE may need to apply to transmit the PUSCH.

Therefore, considering the above, the minimum values of K2 (K2_min) could be predefined in the specifications, to which additional delays may be configured using the RRC + DCI signalling combination. Such an approach for the scheduling delay indication can help support a wider range of delay values that could be beneficial towards more flexible scheduling opportunities.
For the case of K0 indication, the minimum value can still be 0 considering support same-slot DL scheduling (similar to LTE). However, further discussions are needed regarding the support of K2 = 0 including the minimum time-gap between the PDCCH and PUSCH in such cases.
The considerations on the values of K1, i.e., the time gap between the PDSCH and the corresponding HARQ-ACK feedback is discussed in our companion contribution [4].
Proposal 1
· For slot-based scheduling, for the indication of scheduling delays from the UL grant to the corresponding PUSCH, a minimum non-zero value for K2 is pre-defined in the specifications to which the additional delays, indicated via a combination of higher layer and DCI signaling, are applied.
Regarding the units of the scheduling delays, K0 and K2, this can be in terms of the slots for slot-based scheduling, at least for cases wherein both control and the scheduled data employ the same numerology. 
Proposal 2
· For slot-based scheduling, when both control and the scheduled data employ the same numerology, the values of K0 and K2 are defined in terms of slots corresponding to the used numerology.

2.2 Resource allocation within a slot

Here, we consider the case of time domain resource allocation within a slot. For NR, considering the support of dynamic TDD, the starting and end symbol of DL or UL data transmission can vary within one slot. As illustrated in Figure 1, time domain resource both DL and UL data transmission may depend on many factors, including DL control region size, GP duration or whether CSI-RS, short PUCCH with 1 or 2 symbol duration or SRS is present in the same slot, or whether dynamic sharing of control and data channel is enabled. 
As discussed in our companion contribution [5], the starting position of downlink data in a slot can be dynamically indicated in a UE-specific DCI, with the motivation for the support of dynamic sharing between DL control and data channel within one slot. Further, to strive for a proper balance between scheduling flexibility and signalling overhead, a combination of higher layers signalling and dynamic indication in the DCI can be considered to indicate the time domain resource for DL and UL data transmission. For instance, for the starting position of DL and UL data transmission, one bit indicator can be signalled in the DCI to indicate whether DL or UL data starts from the first symbol or the symbol whose index is configured by higher layers. 
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Figure 1. Different starting and end symbol for DL data transmission
Proposal 3
· The starting and end symbol for DL and UL data transmission in a slot can be indicated by a combination of higher layer signalling and dynamic indication in the DCI.

2.3 Scheduling with aggregated slots

Detailed discussions on scheduling of data using aggregated slots is discussed in our companion paper [6]. 
2.4 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.
2.5 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.
3 Data scheduling in frequency domain

Here, we discuss some aspects of frequency domain resource allocation. 
3.1 Contiguous and non-contiguous resource allocation in frequency

As already agreed, both contiguous and non-contiguous resource allocation are to be supported in NR. Certainly, one option is to consider resource allocation types defined in LTE as the starting point.

However, to limit the different types of resource allocation mechanisms, it may be considered to support localized (contiguous-in-frequency) resource allocation as a special case of distributed resource allocation. However, care should be taken such that such a common approach does not sacrifice either the level of diversity achievable with non-contiguous allocations (due to relatively large contiguous blocks), or unnecessarily incur DCI overhead even for the case of contiguous-in-frequency resource allocations. 
Further, for the case of distributed resource allocations, sufficient flexibility is desirable to achieve an optimal trade-off between channel estimation and frequency diversity. 

Between DL and UL scheduling, considering the support of OFDMA based UL, it may be worthwhile to consider if a common frequency domain resource allocation can be specified for both DL and UL. 

Proposal 6
· For frequency domain resource allocation, strive to streamline the frequency domain resource allocation mechanisms between distributed and localized in frequency and between DL and UL.

3.2 Frequency domain resource allocation for maximum UE BW less than carrier BW

As mentioned in the Introduction section, for UEs not capable of supporting the system BW for an NR carrier, a two-step resource allocation approach is employed wherein the first step indicates a bandwidth part within the larger NR carrier BW and the second step indicates the resource allocation within the indicated bandwidth part. 

Given that the primary motivation for the consideration of such scenarios stems from the potentially very large carrier BW values for NR carriers, it is reasonable to consider 20MHz as the size of a bandwidth part, especially for the case of sub-6GHz bands with maximum carrier BW of 100MHz. 20MHz is the BW supported by all LTE UEs, Categories 1 and above, and hence, quite natural to have similar expectation from UEs supporting eMBB and URLLC in NR.
Further, considering NR in unpaired spectrum, for such UEs, in case of DL-to-UL and UL-to-DL switching instances, it is desirable that the UE receives/transmits on the same bandwidth part in order to minimize the need of retuning between different bandwidth parts.

 Proposal 7
· At least for sub-6GHz, for support of NR UEs with maximum UE BW less than the carrier BW, size of a bandwidth part is 20MHz.
· For deployments in unpaired spectrum, consider restrictions in maintaining the same DL and UL bandwidth parts to minimize the amount of retuning during switching instances between DL-to-UL and vice-versa.
4 Conclusions

In this contribution, we shared our views on data scheduling in time and frequency domain in NR. Based on the discussion, we summarize our views through the following proposals:
Proposal 1
· For slot-based scheduling, for the indication of scheduling delays from the UL grant to the corresponding PUSCH, a minimum non-zero value for K2 is pre-defined in the specifications to which the additional delays, indicated via a combination of higher layer and DCI signaling, are applied.

Proposal 2
· For slot-based scheduling, when both control and the scheduled data employ the same numerology, the values of K0 and K2 are defined in terms of slots corresponding to the used numerology.
Proposal 3
· The starting and end symbol for DL and UL data transmission in a slot can be indicated by a combination of higher layer signalling and dynamic indication in the DCI.

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.
Proposal 6
· For frequency domain resource allocation, strive to streamline the frequency domain resource allocation mechanisms between distributed and localized in frequency and between DL and UL.

Proposal 7
· At least for sub-6GHz, for support of NR UEs with maximum UE BW less than the carrier BW, size of a bandwidth part is 20MHz.
· For deployments in unpaired spectrum, consider restrictions in maintaining the same DL and UL bandwidth parts to minimize the amount of retuning during switching instances between DL-to-UL and vice-versa.
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