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Introduction
In this contribution, we share our views regarding some remaining details on the UL/DL resource allocation. 
Frequency Domain Resource Allocation  

From relevant agreements for BWP reached at RAN1 #90bis, the configuration of BWP is flexible: the starting PRB and bandwidth of the BWP has a granularity of 1 PRB: 
Agreements:
· A DL (or UL) BWP is configured to a UE by resource allocation Type 1 with granularity as follows
· Granularity of starting frequency location: 1 PRB
· Granularity of bandwidth size: 1 PRB
· Note: The above granularity doesn’t imply that a UE shall adapt its RF channel bandwidth accordingly

Agreements:
· A UE is RRC signaled an offset between PRB 0 for common PRB indexing and a reference location 
· For DL in Pcell, the reference location is the lowest PRB of the cell-defining SSB
· For UL in Pcell of paired spectrum, the reference location is the frequency location of the UL indicated in the RMSI
· For Scell, the reference location is the frequency location indicated in the SCell configuration
· For SUL, the reference location is the frequency location indicated in the SUL configuration 
· Note: For UL of unpaired spectrum, the reference location is the same with the DL of the unpaired spectrum.
· Note: the PRB 0 is intended for scrambling initialization, reference point for BWP configuration, etc.
· The range of offset values should be >276*4, with the detailed values FFS

Necessary changes to handle the DL case were agreed considering a number of issues, including
· Alignment of PRGs and resource allocation units,
· avoidance of  fragmented VRB bundles to achieve good channel estimation from PRB bundling, and intermediate buffering,
· frequency diversity, 
· simplicity in specification,
· implementation complexity,
· resource sharing among users
· …

As for uplink resource allocation, we should first discuss whether non-contiguous resource allocation for uplink is needed or not in Rel-15. Currently non-contiguous resource allocation can arise in two cases:
· arbitrary non-contiguous resource allocation with resource allocation type 0 (RAT 0); note two RBGs at the edges of a BWP can be allocated to a UE with the bitmap [10…01].
· for non-contiguous resource allocation with resource allocation type 1 with interleaved VRB-PRB mapping  (RAT 1); two PRB bundles, one at the start of a BWP, and another in the middle of the same BWP, can be allocated to a UE.

As non-contiguous resource allocation can destroy the low PAPR property of the DFT-S-OFDM waveform, we should have the agreement or clarification that non-contiguous resource allocation is not supported for DFT-S-OFDM. We have 
Proposal 1: non-contiguous UL resource allocation is not supported for DFT-S-OFDM.

As for CP-OFDM, while non-contiguous resource allocation can provide frequency diversity, intermodulation distortion due to non-contiguous resource allocation may require a large power backoff at a UE. Consequently only UEs with an excellent link budget benefit from frequency diversity provided by non-contiguous resource allocation, and this feature’s use case is rather limited. Note in eLAA, the interlaced PUSCH design which was motivated by channel occupancy requirements from regulations, does not lead to the extreme resource allocations as allowed in NR (c.f. two cases listed above). Hence the interlaced PUSCH design in eLAA cannot be used a precedence for the support of arbitrary non-contiguous resource allocation. From that, our first preference is not to support non-contiguous UL resource allocation in Rel-15. We have
Proposal 2: non-contiguous UL resource allocation is not supported for CP-OFDM in Rel-15.
However, if non-contiguous resource allocation is to be supported in NR, then that should be enabled as a UE capability. 
Proposal 3: if non-contiguous UL resource allocation is supported for CP-OFDM in Rel-15, its support is a UE capability.

From the agreements at RAN1 #89:
Agreements:
· When the number of transmission ports is less than or equal to 2, frequency selective precoding is not supported for both schemes A and B
· When the number of transmission ports is >2, frequency selective precoding for CP-OFDM can be configured by gNB for both schemes A and B
· FFS how to support/indicate frequency selective precoding (including potentially spec-transparent support)
· Note: frequency-selective TPMI is to be discussed separately

It was agreed that frequency selective precoding can be used for UL in NR, however the current NR downlink control design does not support frequency selective precoding for UL. Perhaps one can expect specification support for UL frequency selective precoding will come in Phase II NR MIMO. Considering with a large number of receive antennas at gNB side, uplink MU-MIMO can be beneficial to boost uplink system throughputs, and aligned resource allocations from different UEs can simplify gNB receiver processing, especially with frequency selective precoding at UE sides. In that case, it is important to ensure a gNB can schedule Rel-15 and Rel-16 NR UEs in UL MU-MIMO, e.g. a Rel-15 UE performing wideband precoding, and Rel-16 UE performing subband precoding, and MU-MIMO pairing and MIMO demodulation can be conducted over them; aligned resource allocations over the overlapping allocations between them  becomes necessary. From that, we propose the VRB-PRB mapping design for NR DL is applicable to NR UL. We provide the relevant text proposal in Appendix B. we have
Proposal 4: Adopt the text proposal in Appendix A for VRB-PRB mapping for UL.

[bookmark: _GoBack]To support frequency selective precoding in UL, a UE can be semi-statically or dynamically signalled with a PRB bundling size, and PRB bundles for PUSCH are referred to common PRB 0.  We bring the relevant text proposal in Appendix A to give a whole picture on resource allocation and frequency selective precoding, which can be further discussed in NR Phase II. We have 
Proposal 5: In NR Phase II, consider the text proposal in Appendix B to specify UE behavior with UL frequency selective precoding.
Time Domain Resource Allocation  
In the RAN1## AH 1801 meeting, the following agreement was made regarding the values of K0 and K1 for the time domain resource allocation:
Agreements
· The list of values for K0 which can be configured by RRC should be updated to {0,1,2,3,4,5,8,10,16,20,32}. 
· The list of values for K2 which can be configured by RRC should updated to {0,1,2,3,4,5,6,7,8,10,16,20,32}.
The UE behaviour however was not clarified during the BWP switch procedure regarding the time domain resource allocation.
When a new BWP is activated using the BWP index signalled in the DCI, the UE needs to start preparing for the BWP switch by re-calibrating its RF chain for a different BWP (different BWP centre frequency, larger or smaller BWP size, different SCS…). The UE knows when it should start transmitting/receiving on the new BWP through the values of K2 or K0 signalled in the same DCI activating the switch. It is however unclear from the 3GPP specifications ‎[1] if the UE can still receive/transmit any data or DCI or send ACK/NACK or SR between the DCI triggering the BWP switch and when the new BWP is effectively activated. It is also unclear if the UE can receive data in the new BWP which was scheduled in a DCI before the DCI activating the switch and if it can ACK/NACK in the new BWP any data received before the DCI triggering the switch.
The table below shows the signals impacted by the BWP switch in terms of time domain resource allocation.
	DL BWP Switch
	UL BW Switch

	Ongoing DL Tx
	Ongoing UL Tx
	Ongoing DL Tx
	Ongoing UL Tx

	DCI
PDSCH
A/N
	SR
DCI
PUSCH
	DCI
PDSCH
A/N
	SR
DCI
 PUSCH



DL BWP Switch: Ongoing DL Tx
Let  be the BWP switching delay required by the UE to fulfil the switching procedure as explained in ‎[2]. Slot #n is the slot transmitting the DCI which activates the BWP switch.   is the number of slots signaled in the Time domain resource allocation field of the DCI triggering the switch. It informs the UE that the BWP switch should happen in Slot #n+. During an ongoing DL transmission, the DCI and the PDSCH are impacted by the DL BWP switch:
· A DCI received in a slot  can schedule PDSCH in a slot  such that  


· A DCI received in a slot  can schedule PDSCH in a slot     


To resolve those raised issues we propose the following UE behaviour:
· UL transmission should continue without any interruption since it is not impacted by the DL BWP switch (assuming UL BWP is not currently being switched). The UE can continue sending SR, ACK/NACK for PDSCH, uplink data (PUSCH) or any other control information (PUCCH). 
· No Reception allowed during the BWP switch delay.
· BWP switch delay could be rounded up to symbol if it is defined in absolute time unit (ms,us,..).  So the reception is not allowed for any slot # such that  :	          where  means rounded up to symbols
Proposal 6: FFS: During the DL BWP switch, UL transmission should continue without any interruption.  FFS: for FDD and TDD.
Proposal 7: No Reception allowed during the BWP switch delay. 
Other various options could be included to tackle the issue 
· Option 1:
· No scheduling DCI received/processed between the DCI triggering the switch and the effective BWP switch.
· Continue Receiving Previously Scheduled Data if it can be received before the effective BWP switching, otherwise drop the PDSCH (No Data Reception)
· Option 2:
· No scheduling DCI received/processed between the DCI triggering the switch and the effective BWP switch.
· No Data Reception
· Option 3:
· Continue receiving the scheduling DCI between the DCI triggering the switch and the effective BWP switch
· Alterative 1: The DL scheduling DCI is for the new BWP only. The DCI size will be based on the new BWP parameters.
· Alterative 2: The DL scheduling DCI can be for the current BWP and the new BWP. The DCI size will be based on the current BWP
· Drop the PDSCH (No Data Reception) if K0 points to a slot after the effective BWP switching
· Continue Receiving Previously Scheduled Data if it can be received before the effective BWP switching, otherwise drop the PDSCH (No Data Reception)
With all these three options no Reception allowed during the BWP switch delay period. 
Proposal 8: Use Option 2:  no scheduling DCI received/processed between the DCI triggering the switch and the effective BWP switch.
If a DCI received in a slot  scheduling PDSCH in a slot  such that    . There are two possible options to resolve this issue: 
· Option 1:  Dismiss/Ignore this scheduling DCI.
· Option 2: Translate the DCI information based on the new BWP parameters and receive the scheduled data.


Proposal 9: Use Option 1: if a DCI received in a slot  scheduling PDSCH in a slot  such that    , dismiss/ignore this scheduling DCI.
DL BWP Switch: Ongoing UL Tx
The UE sent initially an SR before or after the DCI triggering the BWP switch. Then, the UE received the DCI scheduling the UL PUSCH between the DCI triggering the switch and the effective BWP switch. We can distinguish two possible UE behaviours identified:
· Option 1: No UL scheduling DCI received/processed between the DCI triggering the switch and the effective BWP switch.
· Option 2: UL scheduling DCI received/processed between the DCI triggering the switch and the effective BWP switch except during the BWP delay period. 


Proposal 10: Use Option 1:  no UL scheduling DCI received/processed between the DCI triggering the switch and the effective BWP switch.
UL BWP Switch: Ongoing DL Tx
The UE received PDSCH before the DCI triggering the BWP switch and wants to ACK/NACK the received data. Two possible UE behaviours could be identified:
· Option 1: ACK/NACK not transmitted between the DCI triggering the switch and the effective BWP switch. 
· Option 2: ACK/NACK transmitted between the DCI triggering the switch and the effective BWP switch except during the BWP delay period.

	
Proposal 11: Use Option 1: ACK/NACK not transmitted between the DCI triggering the switch and the effective BWP switch.
UL BWP Switch: Ongoing UL Tx
The UE is planning to transmit a SR or a PUSCH during the UL BWP switch between the DCI triggering the switch and the effective BWP switch. Two possible UE behaviours could be identified:
· Option 1: No UL transmission between the DCI triggering the switch and the effective BWP switch. The UE should postpone its transmission to the new BWP. 
· Option 2: The UE continues its transmission of SR and PUSCH between the DCI triggering the switch and the effective BWP switch except during the BWP delay period. 

Proposal 12: Use Option 1 No UL transmission between the DCI triggering the switch and the effective BWP switch. The UE should postpone its transmission to the new BWP.
Conclusion
In this contribution, we discussed some remaining aspects of the DL/UL resource allocation.
We made the following observations and proposals : 
Proposal 1: non-contiguous UL resource allocation is not supported for DFT-S-OFDM.
Proposal 2: non-contiguous UL resource allocation is not supported for CP-OFDM in Rel-15.
Proposal 3: if non-contiguous UL resource allocation is supported for CP-OFDM in Rel-15, its support is a UE capability.
Proposal 4: Adopt the text proposal in Appendix A for VRB-PRB mapping for UL.
Proposal 5: In NR Phase II, consider the text proposal in Appendix B to specify UE behavior with UL frequency selective precoding.
Proposal 6: FFS: During the DL BWP switch, UL transmission should continue without any interruption.  FFS: for FDD and TDD.
Proposal 7: No Reception allowed during the BWP switch delay. 
Proposal 8: Use Option 2:  no scheduling DCI received/processed between the DCI triggering the switch and the effective BWP switch.
Proposal 9: Use Option 1: if a DCI received in a slot  scheduling PDSCH in a slot  such that    , dismiss/ignore this scheduling DCI.
Proposal 10: Use Option 1:  no UL scheduling DCI received/processed between the DCI triggering the switch and the effective BWP switch.
Proposal 11: Use Option 1: ACK/NACK not transmitted between the DCI triggering the switch and the effective BWP switch.
Proposal 12: Use Option 1 No UL transmission between the DCI triggering the switch and the effective BWP switch. The UE should postpone its transmission to the new BWP.
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Appendix
Appendix A
Text proposal for UL VRB-PRB mapping
-------------------------------------------  Start of Text Proposal -----------------------------------------------------------------

The UE shall assume the virtual resource blocks are mapped to physical resource blocks according to the indicated mapping scheme, non-interleaved or interleaved mapping.


For non-interleaved VRB-to-PRB mapping, virtual resource block  is mapped to physical resource block .
For interleaved VRB-to-PRB mapping, the mapping process is defined in terms of resource block bundles:






-	The set of  resource blocks in bandwidth part  with starting position  are divided into  resource-block bundles in increasing order of the resource-block number and bundle number where  is the bundle size for bandwidth part  provided by the higher-layer parameter VRB-to-PRB-interleaver  and

[bookmark: _Hlk504539491]-	resource block bundle 0 consists of  resource blocks,




-	resource block bundle  consists of  resource blocks if  and  resource blocks otherwise,

-	all other resource block bundles consists of  resource blocks.

-	Virtual resource blocks in the interval  are mapped to physical resource blocks according to


-	virtual resource block bundle  is mapped to physical resource block bundle 


-	virtual resource block bundle  is mapped to physical resource block bundle  where 


-------------------------------------------  End of Text Proposal -----------------------------------------------------------------

Appendix B
Text proposal for UL frequency selective precoding
-------------------------------------------  Start of Text Proposal -----------------------------------------------------------------


Precoding Resource Block Group (PRGs) of size partition the carrier bandwidth part i and each PRG consists of one or multiple consecutive PRBs, PRG can be one of the values among {2, 4, scheduled bandwidth}. 

The PRG for each carrier bandwidth part is equal to 2 PRBs unless configured by the higher layer parameter .






When  is configured as one of the values among {2, 4}, the first PRG size is given by  and the last PRG size given by  if  , and the last PRG size is if .
The UE shall apply the same precoding to any uplink allocation of PRBs in a PRG partitioned above. 

When is configured as scheduled bandwidth, the UE shall apply the same precoding to any uplink allocation of PRBs.
-------------------------------------------  End of Text Proposal -----------------------------------------------------------------
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