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1. Introduction

At RAN1#88bis meeting, there were following agreements on resource allocations [1]. In this contribution, further details on UL resource allocation aspects are discussed.

	Agreements:
· 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:
· Similar to LTE, the number of RBs allowable for DFT-s-OFDM waveform should be N = 2i3j5k.


2. Discussions
Time Domain Resource Allocation

In LTE, a UE by default assumes that the UL data transmission occupies all OFDM symbols in a slot/subframe. In NR, this still works well for the cases that the resources in a UL slot are assigned or semi-statically configured for UL transmission only. However, there are some scenarios that the time domain resource needs to be allocated in a more flexible manner. For example, a UL slot can be shared by data transmission and PUCCH or SRS in a TDM manner. In dynamic TDD, a slot may include DL control region, GP and UL transmission. Therefore, it is necessary that the starting position of uplink data in a slot can be semi-statically configured and/or dynamically indicated to the UE. Also, the starting position for the uplink data in a slot can be implicitly derived from the 1st OFDM symbol in the UL part of a slot.
Proposal 1: The starting symbol of PUSCH transmission can be semi-statically configured and/or dynamically indicated in UE-specific DCI. Or the starting symbol of PUSCH transmission can be implicitly derived from the first OFDM symbol in the UL part of a slot.
For slot based transmission, if the slot structure is semi-statistically configured, the duration (or equivalently the ending symbol) of downlink data transmission can be implicitly derived. In dynamic TDD, a slot may include DL control region, GP and UL transmission, and the multiplexing can be in a dynamic manner. Therefore, it is necessary that the duration can be dynamically indicated to the UE. For a transmission with short duration, a limited set of transmission durations can be considered, e.g., 1, 2, or 4 symbols. The duration can be UE-specific which needs to be carried in UE-specific DCI.
For slot aggregation case, the semi-statically configured number of slots can be the baseline, similar as the TTI bundling case in LTE. Further investigation is needed whether and how to support dynamic indication of number of slots and/or number of symbols per slot, considering the tradeoff of scheduling flexibility and signalling overhead. LAA-type mechanisms wherein 1 DL grant can be used for scheduling multiple DL transmissions may be explored for the NR UL as well. Specifically, a single scheduling grant in a slot can schedule N (N>= 1) Transport Block (TB) transmissions in N slots (i.e. an independent transport block per slot) or schedules the same Transport Block (TB) transmissions in N slots. However configuring one TB over several slots can only increase the latency of the transmissions and hence should not be supported. 
Proposal 2: Support to indicate the transmission duration based on symbol level granularity in UE-specific DCI, at least when the transmission duration is within a slot. 
Proposal 3: Study further LAA-type multi sub-frame scheduling mechanisms for NR uplink. 

Frequency Domain Resource Allocation

In NR, two types of waveforms are supported, CP-OFDM and DFT-s-OFDM. DFT-S-OFDM based waveform is complementary to CP-OFDM waveform at least for eMBB uplink for up to 40GHz and DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases) [2]. 
For CP-OFDM, it has been agreed that NR supports both contiguous and non-contiguous resource allocation for both UL and DL. The common frequency domain resource allocation can be considered for both DL and UL. As discussed in our companion document on DL resource allocation in [3], in general the LTE DL resource allocation types can be a baseline, but further considerations are necessary in NR. The scheduling granularity can be determined by the system bandwidth or indicated bandwidth part to UEs, as well as the time domain transmission duration.

Proposal 4: The frequency domain scheduling granularity can be determined by the system bandwidth or indicated bandwidth part, and time domain transmission duration. 

For DFT-S-OFDM in LTE, contiguous and non-contiguous resource allocations are supported. In NR, at least the contiguous resource allocation needs to be supported considering link budget limited cases. In addition, frequency hopping is beneficial to exploit frequency diversity, especially for small RB allocations which do not inherently benefit from frequency diversity. For LTE, the single carrier property of UL waveform forced to schedule PUCCH at the bandwidth edges to avoid any de-fragmented PUSCH allocations which loses single-carrier property. However considering that CP-OFDM is supported for some cases in NR uplink, this issue does not arise and PUSCH-PUCCH FDM can be considered. Hence, non-contiguous resource allocation can be further investigated. 
Proposal 5: For DFT-S-OFDM, at least support contiguous resource allocations and frequency hopping.
Two-Step Frequency Domain Resource Allocation
Similar to the frequency range and BW part discussion happening in the case of downlink, the same concepts can be applicable for the case of the NR uplink. The 2-step frequency resource allocation proposed in [3] can be extended to the case of UL as well. The definition of the BW part defined in RAN1#88bis can be extended for UL also. More details about the 2-step resource allocation, its impacts on the UCI formats can be drawn parallels with the DL 2-step resource allocation discussed in our companion tdoc. We will only highlight some important aspects below -
a) When a UE is performing UL operations in one frequency range, it need not send any other signals in other frequency range at the same time. For instance, the frequency resource for UL control transmission should be confined within a frequency range configured to the UE at that time instant. 
b) When DFT-s-OFDM waveform is used, allocation across BW parts may lose the single carrier property and must be taken care of. Hence, as a baseline, when the DFT-s-OFDM waveform is used, the allocation can be restricted to one BW part unless the allocation across BW parts can be deemed to be contiguous. 
c) Similar to CSI measurements in DL, the UE will need to retune to different BW parts (of course, if the BW supported by the UE is less than full carrier BW) to send SRS and provide feedback in order for the gNB to be able to schedule the UE in the BW part. The retuning timeline must be considered for configuring the UE for UE specific SRS transmissions. Unlike LTE, this SRS transmission need not be full carrier BW.
Proposal 6: 2-step frequency domain resource allocation can be performed for NR Uplink. 

Proposal 7: For DFT-s-OFDM waveform, the UL allocation can be restricted to one BW part. 

Proposal 8: Retuning timeline for the UE UL needs to be accounted for SRS transmissions in different BW parts.
3. Conclusions
This contribution discussed the resource allocation aspects and proposes the following:

Proposal 1: The starting symbol of PUSCH transmission can be semi-statically configured and/or dynamically indicated in UE-specific DCI.
Proposal 2: Support to indicate the transmission duration based on symbol level granularity in UE-specific DCI, at least when the transmission duration is within a slot. 
Proposal 3: Support LAA-type multi sub-frame scheduling mechanisms for NR uplink. 
Proposal 4: The frequency domain scheduling granularity can be determined by the system bandwidth or indicated bandwidth part, and time domain transmission duration. 

Proposal 5: For DFT-S-OFDM, at least support contiguous resource allocations and frequency hopping.
Proposal 6: 2-step frequency domain resource allocation can be performed for NR Uplink. 

Proposal 7: For DFT-s-OFDM waveform, the UL allocation can be restricted to one BW part

Proposal 8: Retuning timeline for the UE UL needs to be accounted for SRS transmissions in different BW parts.
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