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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 #88bis 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
 
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. 

 This contribution is to discuss and analyze possible solutions for this purpose.
2. Physical SR on Dedicated Resource
Based on the agreements in RAN 1 #88bis meeting, there could be two types of SR signal: 1) piggy-back SR on ACK/NACK as baseline, and 2) physical SR on dedicated resource, which includes both NPUSCH format 2 based signal and NPRACH based signal. Compared piggy-back SR with ACK/NACK, the scenario benefit for physical SR on dedicated resource may be when UE is in RRC connected mode but it has no downlink traffic. However, in Rel-15, early data transmission will be introduced, e.g., UL data transmission in Msg 3. Moreover, even with dedicated SR, eNB may need to schedule an uplink grant for BSR and then based on the reported BSR to schedule a proper UL grant to the UE for traffic data transmission. In this case, the benefit (e.g., power consumption or latency reduction) of introducing a dedicated SR may be limited. In addition, SPS may be introduced for NB-IoT in Rel-15. With SPS for uplink transmission, it further limited the chance for UE to transmit a scheduling request. In general, the gain for dedicated SR may be limited compared with the potential early data transmission in Msg 3, and potential support of SPS.  
Observation 1: Compared the new feature of “early data transmission” and potential support of SPS for NB-IoT in Rel-15, the benefit of introduce a dedicated SR is limited. 
Moreover, the overhead for dedicated SR needs to be evaluated. Take NPUSCH format 2-based SR as an example. 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. However, in this case, the latency may be comparable to the early data transmission in Msg3. 
Observation 2: The overhead for SR on dedicated resource is quite large. 
Table 1
	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 physical SR on dedicated resource. 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 shown as Figure 1. For instance, as shown in Fig. 1, 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 the 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 3: In order to avoid collision, spectrum efficiency of uplink transmission may become inefficient with reserved resources for SR with NPUSCH format 2.


 
Figure 1
On the other hand, in order to efficiently support early data transmission in Msg 3, the capacity of NPRACH may needs to be improved.  If more capacity can be deployed based on same NPRACH overhead as Rel-13/14, some NPRACH can be reserved for dedicated SR. For example,  orthogonal cover codes on top of symbol group, as shown in Figure2, may be a better option for NPRACH based SR signal. It allows the multiplexing with all “1” sequence based NPRACHs on the same time-and-frequency resource, and hence has less impact on legacy scheduling and resource. The detection performance with cover code-based NPRACH still needs further evaluated, under reasonable assumption of TA error, since the user may not be perfectly synchronized.


Figure 2
Proposal 1: Study the benefit of dedicated SR compared with new or potential new feature for NB-IoT, i.e., early data transmission and SPS for uplink. If dedicated SR is introduced, NPRACH based SR signal is preferred.
2. Solutions for SR with HARQ ACK/NACK
[bookmark: OLE_LINK1]As agreed in 3GPP RAN1 #88bis meeting, sending SR with HARQ ACK/NACK serves as the baseline. It implies that a new NPUSCH format will be introduced, saying as NPUSCH format 2a, which carries 2 bits for SR and HARQ-ACK respectively. 
There could be three possible solutions. First one is to use 2 more 16-length code words, or QPSK, to indicate the combination of SR signal and ACK/NACK. This solution is the most straightforward one, however it may have degradation on detection performance due to the increased equivalent coding rate, therefore more repetitions may be needed. In this case, the power consumption will be larger than NPUSCH format 2. However, transmitting 1 bit ACK/NACK with NPUSCH format 2 is enough in most time, since SR is infrequent.
Another solution is that using QPSK-like signal to carry ACK/NACK and SR at the same time. By isolating the SR signal and ACK/NACK on imaginary part and real part respectively, it allows to only transmit BPSK when there is no SR piggyback. In most cases that SR signal is off, the UE can send a NPUSCH format 2 with fewer repetitions, e.g., , shown as Figure 3. Hence, the power consumption at UE side can be reduced compared with the first solution. When the SR signal is on, UE sends NPUSCH format 2a of QPSK-like signals with configured repetition number . This solution requires blind detection at the eNB side for two possible physical channels.


Figure 3
The third solution is reserving two consecutive resources shown as Figure 4,, where one is for ACK/NACK, and the other is for SR. NPUSCH format 2 with a OOK signal can still be used to carry on-off SR signal on the second resource, which means UE will transmit on both resource when SR is triggered.  If there is no triggered SR, UE only transmits uplink on the first resource.  Similar as the second solution, it can also avoid unnecessary transmission and reduce power consumption of UE. Compared with the second solution, eNB only needs to detect for SR on the second resource. The performance shall be carefully evaluated for the above three solutions. 



Figure 4
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Proposal 2: The detailed solution for SR with HARQ ACK/NACK can be down selected from the following, with criteria at least including UE power consumption.
· NPUSCH format 2 with more code words or QPSK
· “QPSK” carrying on-off SR signal
· NPUSCH format 2 carrying on-off SR signal
3. Conclusion
Based analysis above, we have the following observations and proposal, 
Observation 1: Compared the new feature of “early data transmission” and potential support of SPS for NB-IoT in Rel-15, the benefit of introduce a dedicated SR is limited.
Observation 2: The overhead for SR on dedicated resource is quite large. 
Observation 3: In order to avoid collision, spectrum efficiency of uplink transmission may become inefficient with reserved resources for SR with NPUSCH format 2.
Proposal 1: Study the benefit of dedicated SR compared with new or potential new feature for NB-IoT, i.e., early data transmission and SPS for uplink. If dedicated SR is introduced, NPRACH based SR signal is preferred.
Proposal 2: The detailed solution for SR with HARQ ACK/NACK can be down selected from the following, with criteria at least including UE power consumption.
· NPUSCH format 2 with more code words or QPSK
· “QPSK” carrying on-off SR signal
· NPUSCH format 2 carrying on-off SR signal
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