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1 Introduction

In RAN#75, a new work item of further NB-IoT enhancements has been approved [1]. One of the objectives in this work item is to support for physical layer SR. 
In RAN1#88bis, the following agreements are reached.

Agreements:

· 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
Agreements:

· 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.

In this contribution we provide our views on the design of physical layer SR.
2 The design of piggybacked SR with HARQ-ACK
In Rel-13 NB-IoT, HARQ-ACK is carried on NPUSCH format 2, using BPSK. The information of HARQ-ACK is ACK or NACK. For SR at least on/off information should be carried. The first option of sending piggybacked SR with HARQ-ACK is using QPSK modulation. There are four states, therefore to send SR with HARQ-ACK, the modulation scheme can be QPSK. An example is shown in Table 1.
Table 1 An example of SR transmission with HARQ-ACK via QPSK modulation
	HARQ-ACK
	SR
	b(0)b(1)

	ACK
	ON
	11

	ACK
	OFF
	10

	NACK
	ON
	01

	NACK
	OFF
	00


The second option is to introduce two Hadamard  sequences to differentiate sending the SR and not sending SR. In this case HARQ-ACK still uses BPSK modulation, and the network can know whether SR is sent with HARQ-ACK by detecting on which Hadamard  sequence the HARQ-ACK BPSK symbol is sent. The DMRS symbols can be sent as in Rel-13 NPUSCH format 2, and the Hadamard  sequence can be only applied over the symbols that convey the HARQ-ACK BPSK symbols.

It should be noticed that QPSK modulation may introduce approximately 3 dB performance loss compared with BPSK modulation. Whereas by using Hadamard sequences, the DMRS in the NPUSCH format 2 can be used for compensating frequency error, and the modulation for HARQ-ACK is still BPSK. Hence, using different Hadamard sequences to send HARQ-ACK with SR is expected to have only a small performance difference compared with Rel-13 NPUSCH format 2. 
It appears that either of these solutions for piggybacked SR may have some performance loss compared to Rel-13 NPUSCH format 2, but that it should be smaller if new Hadamard sequences are used. In good coverage, a small dB loss in performance has little impact on the resource usage and UE power consumption, but it becomes a larger resource and power impact in deeper coverage. Therefore, it is expected that the piggybacked SR with HARQ-ACK can be applicable at least for UEs in good coverage. The performance under bad coverage should be taken as a key criterion for evaluating candidate for piggybacked SR. In order to balance any performance difference in some cases, it would be also possible to consider different repetition numbers support or resource mapping for the SR+HARQ signal.
Proposal 1：Piggybacked SR with HARQ-ACK can be applicable at least for UEs in good coverage, and the performance under bad coverage should be taken as a key criterion for evaluating candidates for piggybacked SR.
3 The design of dedicated SR
3.1 The necessity for dedicated SR
The solution of piggybacked SR with HARQ-ACK is limited to the scenario when there is DL scheduling at the time of uplink data arrival. Only after uplink data arrival followed by downlink scheduling, can SR be sent with HARQ-ACK. However, the physical layer SR is triggered by UE in connected mode, and the downlink scheduling is done by the network. The network does not know when UL data will arrive for a UE in the cell. There will be cases with a requirement of SR transmission for which the piggybacked SR cannot be utilized. 
A typical scenario is when UE is in connected mode and still has uplink synchronization, and UE has to receive some downlink RRC messages. Some of them are sent in RLC-AM mode, such as DLInformationTransfer-NB, RRCConnectionReconfiguration-NB, RRCConnectionRelease-NB, RRCConnectionResume-NB, UECapabilityEnquiry-NB. After receiving these RRC messages, UE should send RLC STATUS report, e.g. to report the acknowledgement of RLC ARQ, to the network RLC layer. In Rel-13, the scheduling delay for NPUSCH format 2 is 12 to 20ms. The time of sending HARQ-ACK and sending RLC STATUS report may be quite different. If the RLC STATUS report is later, SR cannot be sent with HARQ-ACK. From the perspective of higher layers, the HARQ-ACK belongs to the MAC layer, while the RLC STATUS report belongs to the RLC layer. We cannot expect the transmission time is the same for the two reports on different layers. 
In this case, without dedicated SR support, the eNB may send UL grant blindly for potential RLC status report transmission by implementation. If UE receives the UL grant when the sending of RLC status report has not been triggered, i.e. without any uplink data for an UL grant scheduling, the UE behaviour is unknown to the eNB and the uplink resource may be wasted. If the eNB does not allocate a UL grant schedule at a good time, the UE has no UL grant but needs to feedback the RLC status report, so the UE may have to initiate a random access procedure before sending RLC STATUS report. It will increase the latency and UE power consumption. If dedicated SR is introduced, UE can send RLC STATUS report in a timely fashion in dedicated SR resources. The power consumption and latency will be further reduced by introducing physical layer SR because there is no need to trigger RACH procedure which may collide with other NPRACH transmission from other UEs.
In addition to the above typical scenario of sending RLC status report, it should not be excluded that NB-IoT may apply to traffic with periodic uplink data arrival in connected mode.

Observation 1：The solution of piggybacked SR with HARQ-ACK cannot be utilized in all scenarios when physical layer SR needs to be sent. 
Proposal 2: Dedicated SR is introduced to extend the scenarios not completely covered by piggybacked SR, e.g. downlink RRC messages in RLC-AM mode.
3.2 Considerations for dedicated SR design
The physical layer SR is triggered by UE in connected mode, and the network does not know when UL data will arrive for a UE in the cell. Therefore, pre-reserved resource should be allocated for SR transmission when UEs set up the RRC connection, and the opportunities for SR transmission should be periodic. Thus the resource for physical layer SR should be configured to be periodic and a UE can use the next available resource to send SR when an uplink data arrives.  

Proposal 3: Periodic resource is used for SR transmission and configured to UEs supporting physical layer SR. 

In RAN1#88bis, there are two candidates for dedicated SR. Alt 1 is based on NPRACH signal. Alt 2 is based on NPUSCH format 2 signal. For Alt 1, the existing NPRACH signal can be reused for dedicated SR. After UE sends NPRACH for SR, the following random access procedure is not performed. Compared with random access procedure, power consumption and latency reduction is obvious. If a portion of NPRACH resource is used by dedicated SR, then Alt 1 will naturally coexist with existing signals. For Alt 2, the signal is based on NPUSCH format 2, whose signal structure is single-tone based signal without frequency hopping. It may introduce interference between NPUSCH format2 based SR and NPRACH transmission. There have been some proposals to have particular configuration to reduce the impact on existing signals, however it would add extra limitations to resource configuration.
Proposal 4: Dedicated SR signal uses NPRACH signal.
Rel-13 NPRACH resource is periodic and NPUSCH transmission is postponed when colliding with NPRACH resource. Hence, using a part of the NPRACH resources among the resources for NPDCCH ordered RACH, is a good starting point. The resource for NPDCCH ordered RACH is easier to use because there is no impact on UE-initiated NPRACH transmission, and the eNB can handle the collision of NPRACH preamble triggered by NPDCCH order and SR transmission by scheduling of ordered RACHs. 

Proposal 5: Dedicated SR uses a part of the NPRACH resources among the resources for NPDCCH ordered RACH.
Different UEs have different coverage levels. If the network allocates resource according to the worst coverage level, it will waste lots of resources from the perspective of UEs in better coverage levels. On the other hand, if the network allocates resource according to a good coverage level, the performance cannot be ensured for UEs in bad coverage levels. So the resource allocation for SR transmission should balance the occupancy of resources and the performance. The coverage level should be considered.
Proposal 6: The resources for SR transmission are set depending on coverage levels.
4 Conclusions
In this contribution, we provide the design of piggybacked SR and our considerations about the design of dedicated SR. The following observations and proposals are made.

Proposal 1：Piggybacked SR with HARQ-ACK can be applicable at least for UEs in good coverage, and the performance under bad coverage should be taken as a key criterion for evaluating candidates for piggybacked SR.
Observation 1：The solution of piggybacked SR with HARQ-ACK cannot be utilized in all scenarios when physical layer SR needs to be sent. 
Proposal 2: Dedicated SR is introduced to extend the scenarios not completely covered by piggybacked SR, e.g. downlink RRC messages in RLC-AM mode.
Proposal 3: Periodic resource is used for SR transmission and configured to UEs supporting physical layer SR. 
Proposal 4: Dedicated SR signal uses NPRACH signal.
Proposal 5: Dedicated SR uses a part of the NPRACH resources among the resources for NPDCCH ordered RACH.
Proposal 6: The resources for SR transmission are set depending on coverage levels.
References

[1] RP-170852, “New WID on Further NB-IoT enhancements ”, Huawei, Hisilicon, Neul, RAN#75, Dubrovnik, Croatia, March, 2017.
[2] 3GPP TS 36.331 V14.2.0, “Radio Resource Control (RRC) Protocol specification”.
