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	A-1. Further latency and power consumption reduction
· Support for physical layer SR [RAN1, RAN2]



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

Agreements in RAN1#92:
Working assumption
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
· FFS whether it is transmitted in NPUSCH resources or reserved NPRACH resources.
· FFS whether BSR is conveyed on SR without HARQ-ACK
Note that companies are encouraged to provide evaluation results based on the agreed criterion, which are considered when cofirming the WA. 

Agreements in RAN1#92bis:
If the working assumption is confirmed and when SR is transmitted without HARQ-ACK, it is transmitted in NPRACH resource using NPRACH based signal.
If the working assumption is confirmed, UE transmits the physical layer SR at the first opportunity unless there is a collision with another physical layer transmission/reception:
· Collision between SR without HARQ-ACK resource and NPDSCH - SR is not transmitted, and remains pending
FFS: Collision with NPDCCH search space



Summary of discussion points
Detailed design for physical layer without HARQ-ACK
Signal design of Physical layer SR without HARQ-ACK
Issue description:
 It was discussed in RAN1#92 about whether physical layer SR conveys BSR information and needs to be decided in this meeting. Also proponents discusses whether new NPRACH preamble format is also used by physical layer SR without HARQ-ACK.
Summary of company views
	Source
	View summary
	Corresponding observations & proposals

	Ericsson
	N/A
	

	Huawei
	NPRACH preamble on/off signaling with NPRACH format 0/1/2
SR conveys BSR.
	Proposal 4: For physical layer SR without HARQ-ACK, SR on/off is indicated by presence/absence of a NPRACH preamble of NPRACH format 0/1/2 in configured resources among those for non-contention-based RACH.
Proposal 5: BSR is conveyed on physical layer SR without HARQ-ACK. BSR information is carried by the amount of delay time when sending SR, from {0, 1/4, 1/2, 3/4}*CP length.

	Nokia
	NPRACH preamble on/off signaling
SR does not convey BSR
	Proposal 3: Scheduling request uses NPRACH preamble on/off signalling.
Proposal 4: BSR is not conveyed in SR.

	ZTE
	Based on NB-IoT single NPRACH symbol group
SR does not convey BSR
	Proposal 1: Physical-layer SR without HARQ-ACK transmission is transmitted in reserved NPRACH resources.
-	Dedicated SR signal is based on NB-IoT single NPRACH symbol group.
Proposal 2: BSR is not conveyed on SR without HARQ-ACK.

	LGE
	NPRACH preamble on/off signaling
SR does not convey BSR
	Proposal 3: Scheduling request uses NPRACH preamble on/off signalling.

	Samsung
	N/A
	

	Qualcomm
	NPRACH warform or symbol level scrambling
	Proposal 2: Down-select from the following SR waveform design options
•	Using NPRACH waveform with each repetition carrying one of length-20 orthogonal sequences,
•	Symbol group level scrambling with each repetition scrambled with a length-5 DFT sequence
Proposal 3: The scrambling sequence applied is a function of cell ID and subcarrier index.



From the above summary of company views, it can be observed that majority view prefers not to support carrying BSR information in physical layer SR without HARQ-ACK. For the signal of SR without HARQ-ACK, the majority view is using presence/absence of PRACH preamble signal defined in the specification to indicate SR on/off. Based on the majority view, it is recommended to agree the following proposals:

Potential proposal #1:  
· Physical layer SR without HARQ-ACK does not convey BSR information in Rel-15;
· SR on/off is indicated by presence/absence of a NPRACH preamble of preamble format 0/1/2;

Resource configuration of Physical layer SR without HARQ-ACK
Issue description:
It was agreed in RAN1#92bis that if the working assumption is confirmed and when SR is transmitted without HARQ-ACK, it is transmitted in NPRACH resource using NPRACH based signal. It is FFS about resource configuration of Physical layer SR without HARQ-ACK.
Summary of company views
	Source
	View summary
	Corresponding observations & proposals

	Ericsson
	N/A
	

	Huawei
	Based on non-contention-based RACH resource
	Proposal 4: For physical layer SR without HARQ-ACK, SR on/off is indicated by presence/absence of a NPRACH preamble of NPRACH format 0/1/2 in configured resources among those for non-contention-based RACH.
Proposal 6: For physical layer SR without HARQ-ACK, the following resource configuration parameters are needed:
· Carrier indication, value range is {0, 1, …, 15}
· Subcarrier indication, value range is {0, 1, … , 47} for NPRACH format 0/1 and the value range is {0, 1, …, 143} for NPRACH format 2.
· Only the subcarriers within non-contention based RACH resource can be indicated.
· Repetition number, value range reuses Table 16.3.2-1 in TS 36.213, i.e. {0, 1, 2, 3}.
· NPRACH format 0/1/2 indication.
Proposal 7: For physical layer SR without HARQ-ACK, the following resource configuration parameters can also be included in RRC parameter list:
· Starting time, the value range is {0, 1, 2, …, 127}, in units of one repetition of NPRACH preamble used for SR transmission.
· Duration, the value range is {1, 2, 4, 8, 16, 32, 64, 128}, in units of repetition of NPRACH preamble used for SR transmission

	Nokia
	NPRACH resource
	Proposal 5: Scheduling request configuration per UE is given via higher-layer signalling and indicates starting NPRACH subframe, periodicity and preamble index.

	ZTE
	contention-free random access resource region
	Section2:
To reduce the impact on legacy UEs, the NPRACH resources used for dedicated SR can be configured within contention-free random access resource region.
Proposal 1: Physical-layer SR without HARQ-ACK transmission is transmitted in reserved NPRACH resources.
· Dedicated SR signal is based on NB-IoT single NPRACH symbol group.

	LGE
	N/A
	

	Samsung
	orthogonal with legacy contention-based NPRACH resources used for random access
	Proposal 2: If support of SR transmitted without HARQ-ACK is confirmed, the NPRACH resource of dedicated SR is orthogonal with legacy contention-based NPRACH resources used for random access.

	Qualcomm
	part or all of the reserved NPRACH resource
	Proposal 4: The number of repetitions of an SR transmission is derived from that of NPUSCH Format 2.
Proposal 5: Use part or all of the reserved NPRACH resource for SR to avoid collision with legacy UEs.


Figure 3 Dividing an N-repetition NPRACH resource block into multiple SR resource blocks.



It can be found that majority view prefers to use reserved NPRACH resource in contention free NPRACH resource for physical layer SR without HARQ-ACK to avoid the collision with contention based NPRACH transmission. Based on this, it is recommended to agree the following proposal:

Potential proposal #2:  
· For physical layer SR without HARQ-ACK, Non-contention-based RACH resource is used for SR transmission.
· The configuration is UE-specific as follows which is similar as that in NPDCCH order:
· Carrier indication, value range is {0, 1, …, 15};
· Subcarrier indication, value range is {0, 1, … , 47} for NPRACH format 0/1 [and the value range is {0, 1, …, 143} for NPRACH format 2];
· Note: Only the subcarriers within non-contention based RACH resource can be indicated.
· Repetition number, value range reuses Table 16.3.2-1 in TS 36.213, i.e. {0, 1, 2, 3};
· NPRACH format 0/1/2 indication.

Furthermore, a number of companies propose to enable the use of part of NPRACH resource of a NPRACH preamble for SR in order to increase the capacity of SR. It is recommended to discuss and agree the following proposals:
Potential proposal #3:  
· Support the use of part or all of a NPRACH resource to indicate SR on/off of a given UE, and multiple UEs can be multiplexed by using different part of the same NPRACH resource;
· The following configuration parameter is used additionally:
· Starting time of the SR, the value range is {0, 1, 2, …, 127}, in units of one repetition of NPRACH preamble used for SR transmission.
· Duration of the SR, the value range is {1, 2, 4, 8, 16, 32, 64, 128}, in units of repetition of NPRACH preamble used for SR transmission

Confirmation of the working assumption in RAN1#92
Issue description:
Summary of company views
	Source
	View summary
	Corresponding proposals

	Ericsson
	Support SR with HARQ-ACK;
Not support SR without HARQ-ACK
	Proposal 2. Confirming the first part of the working assumption regarding the SR is transmitted with HARQ-ACK that 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, and [1 -1 1 -1  1 -1  1 -1 1 -1 1 -1  1 -1  1 -1] is used to signal SR ON.
Proposal 3. Dedicated SR is not introduced in Rel-15.

	Huawei
	Confirm working assumption
Support SR with and without HARQ-ACK
	Proposal 1: Confirm the working assumption on physical layer SR.

	Nokia
	Confirm working assumption
Support SR with and without HARQ-ACK
	Proposal 1: Confirm the working assumption that SR is carried by two orthogonal length-16 cover codes on ACK/NACK data symbols.
Proposal 2: Confirm the working assumption that physical-layer SR with and without HARQ-ACK transmission is supported.

	ZTE
	Support SR without HARQ-ACK
	Proposal 1: Physical-layer SR without HARQ-ACK transmission is transmitted in reserved NPRACH resources.
· Dedicated SR signal is based on NB-IoT NPRACH symbol group.

	LGE
	N/A
	

	Samsung
	Conditional support of SR
	Proposal 1: Unless the overhead of NPRACH based SR can be reduced without additional impact on system performance and complexity, SR transmitted in NPRACH resources is not an acceptable option for NB-IoT.

	Qualcomm
	 Confirm working assumption with the following change on the cover code for SR with HARQ-ACK.
Support SR with and without HARQ-ACK
	Proposal 1: Confirm the WA with the following change on the cover code.
· 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.
· [i i i i i i i i i i i i i i i i ] is used to signal SR ON where i=sqrt(-1).



Potential proposal #4:  
Confirm the working assumption on physical layer SR in RAN1#92.

Others
2 HARQ process for physical layer with HARQ-ACK
The following sources provide considerations for physical layer with HARQ-ACK when 2 HARQ processes are configured.
	Source
	Corresponding proposals

	Huawei
	Proposal 3: When 2 HARQ processes are configured, SR on/off is transmitted on both NPUSCH format 2’s.

	LGE
	Proposal 1: When SR can be transmitted on HARQ ACK/NACK channel, following methods could be considered to secure the HARQ ACK/NACK reliability:
· Allowing bigger transmit power than one of the current specification
· Limiting the chance of SR transmission within the HARQ ACK/NACK channels




Collision handling for physical layer SR
If the working assumption is confirmed and when SR is transmitted without HARQ-ACK, it is FFS collision with NPDCCH search space.
	Source
	Corresponding proposals

	Ericsson
	Proposal 1. For collision between resources for SR with HARQ-ACK and NPDCCH search space, the SR takes precedence, and the UE does not monitor the NPDCCH candidates that overlaps with the SR.

	Nokia
	Proposal 6: For collision with NPDCCH candidate(s), SR is prioritized.

	LGE
	Proposal 2: If the working assumption is confirmed, if UE is configured with both dedicated SR and SR with HARQ-ACK, UE prioritizes SR transmission on HARQ-ACK resource over dedicated SR resource when the UE has detected NPDCCH scheduling NPDSCH which requires HARQ-ACK feedback.

	Samsung
	Proposal 3: For collision between resources for SR without HARQ-ACK and NPDCCH search space, UE monitors NPDCCH search space. SR is not transmitted, and remains pending.



When collision with NPDCCH search space, SR remains pending.(2)
When collision with NPDCCH search space, SR is prioritized.(2)
Discuss online/offline about the collision handling.

Power control for physical layer SR without HARQ-ACK
The following sources provide considerations power control for physical layer with HARQ-ACK.
	Source
	Corresponding proposals

	Huawei
	Proposal 8: For the transmission of SR, the open loop target power is MSG3_RECEIVED_TARGET_POWER.



Potential proposal #5:  
For the transmission of SR, the open loop target power is MSG3_RECEIVED_TARGET_POWER.
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