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1 WID objective

	A-1. Further latency and power consumption reduction

· Support for physical layer SR [RAN1, RAN2]


2 Background
RAN1 have made agreements as follows on physical layer SR:
	Agreements in RAN1#88bis:
· SR should only be used when an NB-IoT UE is in uplink sync in RRC connected mode. 

· TA estimation should not be a design target of SR signal.

· Sending SR with HARQ ACK/NACK can serve as the baseline case for UE with DL data 

· Further designs to be considered for dedicated SR signal design are:

· Based on NPRACH signal;
· Based on NPUSCH format 2:
· Non-coherent detection based format is not precluded
· Collision handling for dedicated SR is FFS
· Design criteria for physical layer SR:

· Power consumption reduction

· Latency reduction

· Impact on legacy NB-IoT scheduling and resources

· Traffic models used and SR resource configurations should be reported together with evaluations. 

Agreements in RAN1#89:

· Piggybacked SR with HARQ-ACK is chosen between the following options, with evaluations encouraged at RAN1#90:
· Option 1: QPSK-based constellation

· Option 3: Cover code/Orthogonal sequence on ACK/NACK data symbols and/or DM-RS symbols



3 Summary of discussion points
Two options are selected for further narrow down for physical layer SR with ACK/NACK. The following table summarizes the views of companies regarding the preferred options for physical layer SR with ACK/NACK.

	Company
	summary of view
	Detailed Solution
	Other related proposals

	Ericsson
	Option3
	Use Cover code/Orthogonal sequence on ACK/NACK data symbols and/or DM-RS symbols
	

	Huawei
	Option3
	Use Cover code/Orthogonal sequence on ACK/NACK data symbols
The two cover codes should use orthogonal sequences, such as Hadamard codewords. CC1 is [1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1], and CC2 is [1, -1, 1, -1, 1, -1, 1, -1, 1, -1, 1, -1, 1, -1, 1, -1]. 


	

	ZTE
	Option3
	two length-16 Walsh code on ACK/NACK data symbols
	Feature of piggybacked SR with HARQ ACK/NACK is configured by RRC signaling

	LGE
	
	Use Cover code/Orthogonal sequence on ACK/NACK data symbols
	1)Allowing bigger transmit power than one of the current specification

2)Limiting the chance of SR transmission within the HARQ ACK/NACK channels

	Samsung
	Option3
	2 more 16-length cover codes for piggybacked SR
	

	Nokia
	Option3
	Use Cover code/Orthogonal sequence on ACK/NACK data symbols and/or DM-RS symbols
	

	Qualcomm
	Option1
	The BPSK-mapped Ack/Nack data symbols are rotated by an angle α, α = pi/2 or a smaller value signaled by network.
	

	Intel
	Option3
	Use Cover code/Orthogonal sequence on ACK/NACK data symbols and/or DM-RS symbols
	


Two options were identified for the physical channel on which SR without ACK/NACK is based. The following table summarizes the views of companies regarding the preferred options for physical layer SR without ACK/NACK.
	Company
	Necessity
	Signal design
	Resource configuration
	Collision handling

	Ericsson
	Conditional negative
	
	
	

	Huawei
	Positive
	NPRACH signal
	part of the NPRACH resources
	

	ZTE
	Positive
	OCC is used

1)NPUSCH format2 based

2)NPRACH based
	Dynamic physical layer signaling to enable/disable the RRC configured SR resources
	

	LGE
	Slightly Negative
	reuse design of NPUSCH format2, carry rough BSR information
	
	

	Samsung
	Positive
	prefer NPRACH based
	
	

	Nokia
	Positive
	1)NPUSCH format 2 based

2)on/off signaling

3)OCC is used
	Reusing NPRACH resources for SR is not preferred.

UE-specific configuration via higher-layer signalling
	1)up to eNB to handle scheduling request collisions with uplink transmissions from legacy UEs.

2)Collision with NPRACH/NPUSCH format 1/ NPDSCH/ NPDCCH search space - SR is dropped.

3)Collision with NPUSCH format 2 - SR is multiplexed with ACK/NACK

	Qualcomm
	Positive
	1) NPUSCH format-2 RU structure without DMRS

2) NPRACH waveform
	Use part or all of the reserved NPRACH resource
	

	Intel
	Positive
	1)NPUSCH format 2 based

2)on/off signaling
	configured by higher layer signaling, as separated resources from NPRACH.
	


· Potential proposal
Physical-layer SR with and without HARQ-ACK transmission is supported. 

· When SR is transmitted with HARQ-ACK:

· Option 3 is adopted;

· SR on/off is carried by two orthogonal length-16 cover codes on ACK/NACK data symbols. 

· [1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1] is used to signal SR OFF.

· [1 -1 1 -1  1 -1  1 -1 1 -1 1 -1  1 -1  1 -1] is used to signal SR ON.

· When SR is transmitted without HARQ-ACK
· Majority of companies support NPUSCH format 2 based

· FFS whether it is transmitted in NPUSCH resources or reserved NPRACH resources.
4 Conclusion
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