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[bookmark: _Ref349588338]1. Introduction
To facilitate an efficient SR report, the agreement has been made in 3GPP TSG RAN WG1 Meeting #88b and #92 as follows.
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

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

This contribution analyzes the applicable scenarios for SR with or without HARQ-ACK transmission, and evaluates advantages and drawbacks of SR without HARQ-ACK transmission based on possible designs.

2. Scenario for physical layer SR
According to the agreements in last meetings, support of piggybacked SR, i.e. SR transmitted with HARQ-ACK, was agreed as a baseline for physical layer SR. Based on the discussion of diversified types of traffic that expected to be supported by NB-IoT in future releases, piggybacked SR could satisfy the requirement of most scenarios. 
Piggybacked SR can be adopted when UL data arrival happens before or during scheduled DL data reception. The arrived UL data needs to be buffered because UE cannot request for UL resources until finishing DL data reception and sending piggybacked SR together with ACK/NACK feedback of the DL traffic. This method have small increase on traffic latency, but due to the loosened latency requirement of NB-IoT traffics, this increase will not lead to considerable impact. Moreover, if interlaced DL/UL feature is not supported by UE, anyway the UL data transmission needs to be postponed until DL reception and ACK/NACK feedback completed, therefore actually the increase of latency might be very small.
Observation 1: Piggybacked SR could support most physical layer SR scenarios in NB-IoT, and introduces very small impact on UL traffic latency.
On the contrary, support of SR on dedicated resource without HARQ-ACK was made as a working assumption in RAN1#92. SR transmitted on dedicated resource was discussed as a complementary method to piggybacked SR. Compared with piggybacked SR, SR on dedicated resource could only benefits from the scenario that RRC_Connected mode UE have no DL traffic, which consists only a small part of all scenarios. The drawbacks and possible design of SR on dedicated resource will be discussed in Section 3.
Observation 2: The applicable scenario for SR transmitted on dedicated resource is that UE is in RRC_Connected mode and have no DL traffic. 

3. Physical layer SR on dedicated resource
For physical SR transmitted on dedicated resource without HARQ-ACK, two options include NPRACH based SR and NPUSCH based SR needs to be further evaluated.
· [bookmark: _GoBack]NPUSCH based SR
RRC connected UE can send a NPUSCH format 2 signal on dedicated resource for SR, which is similar to LTE PUCCH format 1. Compared with NPRACH based SR, the overhead of NPUSCH based SR becomes an obvious problem. Some preliminary estimation of overhead is shown in Table 1, where the subcarrier space is assumed to be 15 kHz. It is shown that with a periodicity of 80ms (the largest periodicity in LTE) and assuming 10% overhead, only one UE with 32 repetitions can be supported. Even for UE in very good coverage, only 48 UEs can be supported.  Larger period duration (i.e., >80ms) can be considered to support more users for SR with a decent overhead but at the expense of latency. 
Observation 3: The significant overhead is one important drawback of NPUSCH format 2 based SR. 
Table 1 Estimation of overhead of NPUSCH based SR
	Periodicity [ms]
	Supported repetitions  for SR
	Overhead Tolerant for reserved SR resource
	Number of supported users

	2
	1
	5%
	0

	
	
	10%
	1

	80
	1~32
	5%
	Min: 0 (=32)
Max: 24 (=1)

	
	
	10%
	Min: 1(=32)
Max: 48(=1)



Collision handling is another problem for NPUSCH format 2 based SR. eNB scheduler has to carefully avoid the collision between uplink transmission for one user (especially for legacy UE) and reserved resource for SR for another user. The available resources for data transmission become fragmented as shown in Figure 2. For instance, the data transmission with 12 subcarriers can only be scheduled on partial resources within each SR period. It may further impact on spectrum efficiency and cause performance degradation.
Meanwhile, the impact on eNB scheduler needs to be further studied. It may be impossible for eNB scheduler to allocate a consecutive resource for data transmission if the SR resource overhead is large. To use reserved NPRACH resource for SR could be a solution [2]. However, the number of reserved subcarriers needs to be integer times of 12 to avoid collision with NPRACH, which is a large overhead of at least 1/4 bandwidth. In additional, it may impose 3.75 kHz subcarrier for SR in this case, because 15kHz subcarrier spacing needs guard band to 3.75kHz subcarrier spacing to ensure the performance. However, for UE in good coverage, the transmission power is limited with 3.75kHz than 15kHz, which results in a longer transmission time and poor power consumption.  
Observation 4: In order to avoid collision, spectrum efficiency of uplink transmission may become inefficient with reserved resources for SR with NPUSCH format 2.
Proposal 1: Due to the significant overhead and impact on spectrum efficiency, SR transmitted in NPUSCH resources is not supported in NB-IoT.


 
Figure 2

· NPRACH based SR
To reuse the Rel-13 NPRACH format, a similar method as PDCCH order triggered NPRACH can be considered. A dedicated NPRACH resource is configured by eNodeB for one UE to convey the SR transmission. This solution might have potential impact on legacy NPRACH capacity, since a large number of UEs are deployed in a cell and their SR-motivated NPRACH resource might occupy large resources. 
In order to reduce the impact of NPRACH capacity, orthogonal cover codes on top of NPRACH based SR is a considerable solution. Similarly to solution for NPRACH enhancements, a symbol level or symbol group level scrambling sequence, e.g. all “1” sequence, could be used to scramble NPRACH based SR when the same time and frequency resources are scheduled for NPRACH based SR and legacy NPRACH formats. This scrambling sequence is used to distinguish SR-motivation NPRACH and legacy NPRACH, therefore NPRACH based SR can introduce less impact on legacy scheduling and NPRACH capacity.
Though it has been agreed that SR will only be used for uplink sync UE, the TA error still exists. It will cause the degradation on detection of NPRACH if symbol level cover code is applied, since the adjacent symbols within one symbol group can have different values. Without CP, the detection performance is sensitive to the TA. Besides, the impact on receiver complexity should be evaluated. This issue also exists in the NPRACH reliability enhancement feature of NB-IoT, and the corresponding discussions can be regarded as a reference. 
Observation 5: NPRACH based SR have strong impact on NPRACH capacity. One possible solution is sharing the dedicated NPRACH resources for SR with legacy NPRACH with a SR-dedicated scrambling sequence. However, the detection performance caused by residual TA error and the additional receiver complexity needs to be solved.
Based on the analysis above, for SR transmitted on dedicated resources, both NPUSCH based SR and NPRACH based SR need to occupy a large number of resources and result in significant overhead. The overhead of NPRACH based SR can be reduced with further enhancements, but correspondingly new impacts including degraded detection performance and additional receiver complexity will be introduced. Considering that piggybacked SR could satisfy most physical layer SR scenarios, as well as the obvious drawbacks of SR transmitted on dedicated resources, support of SR without HARQ-ACK transmission is not a wise decision for NB-IoT. For the small number of scenarios that piggybacked SR cannot be adopted, we recommend that the solution of UL resource request should fall back to legacy random access procedure.
Proposal 2: 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.

4. Conclusion
Based analysis above, we have the following observations and proposal, 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 1: Piggybacked SR could support most physical layer SR scenarios in NB-IoT, and introduces very small impact on UL traffic latency.
Observation 2: The applicable scenario for SR transmitted on dedicated resource is that UE is in RRC_Connected mode and have no DL traffic. 
Observation 3: The significant overhead is one important drawback of NPUSCH format 2 based SR. 
Observation 4: In order to avoid collision, spectrum efficiency of uplink transmission may become inefficient with reserved resources for SR with NPUSCH format 2.
Observation 5: NPRACH based SR have strong impact on NPRACH capacity. One possible solution is sharing the dedicated NPRACH resources for SR with legacy NPRACH with a SR-dedicated scrambling sequence. However, the detection performance caused by residual TA error and the additional receiver complexity needs to be solved.
Proposal 1: Due to the significant overhead and impact on spectrum efficiency, SR transmitted in NPUSCH resources is not supported in NB-IoT.
Proposal 2: 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.
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