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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 #89 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:
· 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

 This contribution is to analyze the pros and cons for the solutions on the table.
2. Piggybacked SR with HARQ-ACK
To facilitate efficient SR report, the piggybacked SR with HARQ-ACK will be supported. To carry 1 more bit for SR with ACK/NACK, either more cover codes/orthogonal sequences or the modulation with higher order can be considered, as agreed in meeting #89. 
Theoretically, the detection performance will get degraded to transmit piggybacked SR bit. No matter which solution is adopted, to use 2 more cover codes or QPSK, it will increase the probability of false detecting a NACK when the UE sends an ACK. However, in practice we concern about the ACK missed detection probability, which is the sum of miss detection probability and false detection probability. According to RAN4 requirement, the targeting ACK miss detection probability is 1%, when the DTX to ACK probability, i.e. the probability that ACK is detected when nothing was sent, does not exceed 1%. 
The simulation results of BLER of NPUSCH format 2 are shown in Figure 1. The probability of false detection of ACK to NACK is only 0.1% at the SNR meeting 1% ACK miss detection probability target. The ACK missed detection probability is dominated by the miss detection probability. It implies that to carry piggybacked SR will have little impact on the detection performance of NPUSCH format 2, since method of DTX detection is the same for NPUSCH format 2 with or without piggybacked SR. 
[bookmark: OLE_LINK109][bookmark: OLE_LINK110]Observation 1: the ACK missed detection probability is dominated by miss detection performance, which indicates that piggy-back SR will have little impact on the detection performance of NPUSCH format 2.
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Figure 1
From the aspect of detection performance, it doesn’t matter which option for piggybacked SR is chosen, using QPSK or more sequences, since it won’t impact on miss detection performance. Considering the specification impact, sequence based solution, i.e., Option 3,  is preferred. To define 2 more 16-length cover codes for piggybacked SR with HARQ-ACK can be compatible to the existing method. 
Proposal 1: Option 3 is preferred for piggybacked SR with HARQ-ACK, to introduce 2 more 16-length cover codes for piggybacked SR.

3. Physical SR on Dedicated Resource
Based on the agreements in RAN 1 #88bis meeting, two types of SR signal can be considered: 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. 
[bookmark: OLE_LINK104][bookmark: OLE_LINK105]The piggybacked SR and dedicated SR have different applicable scenario, and can be complementary to each other. Piggybacked SR is used when DL data transmission happens to coincide with an uplink data arrival. Only after uplink data arrival followed by downlink scheduling, can piggybacked SR be sent with HARQ-ACK. Compared piggy-back SR with ACK/NACK, the scenario benefit for physical SR on dedicated resource is when UE is in RRC connected mode but it has no downlink traffic. 
Observation 2: The piggybacked SR and dedicated SR have different applicable scenario, and can be complementary to each other.
One solution is NPUSCH format 2 based dedicated 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 could be a 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. 
Observation 3: The overhead for NPUSCH format 2 based SR 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 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 shown as Figure 2. For instance, as shown in Fig. 3, 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 4: In order to avoid collision, spectrum efficiency of uplink transmission may become inefficient with reserved resources for SR with NPUSCH format 2.


 
Figure 2
The other solution is NPRACH based SR. To reuse the Rel-13 NPRACH format, a similar method as PDCCH order triggered NPRACH can be considered. That is, eNB configures a dedicated NPRACH subcarrier for the UE, which is reserved for this UE to convey SR. 
It may be concerned about the capacity of NPRACH, since SR-motivated NPRACH may occupy considerably large resources, especially when the number of UEs is large. Orthogonal cover codes on top of symbol group can be a solution to extend the capacity of NPRACH. 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 cover code can be either symbol group level or symbol level. 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 receiver complexity is higher with symbol level cover codes, than symbol group level cover codes. Compared with symbol level cover code, the symbol group level is preferred. 
Proposal 2: NPRACH based SR signal is preferred for dedicated SR, compared with NPUSCH format 2 based SR. FFS if symbol group level cover codes are needed for NPRACH capacity extension.
4. Conclusion
Based analysis above, we have the following observations and proposal, 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 1: the ACK missed detection probability is dominated by miss detection performance, which indicates that piggy-back SR will have little impact on the detection performance of NPUSCH format 2.
Proposal 1: Option 3 is preferred for piggybacked SR with HARQ-ACK, to introduce 2 more 16-length cover codes for piggybacked SR.
Observation 2: The piggybacked SR and dedicated SR have different applicable scenario, and can be complementary to each other.
Observation 3: The overhead for NPUSCH format 2 based SR is quite large. 
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 2: NPRACH based SR signal is preferred for dedicated SR, compared with NPUSCH format 2 based SR. FFS if symbol group level cover codes are needed for NPRACH capacity extension.
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Appendix
LLS Simulation Parameters
	Parameters 
	Values or assumptions 

	Carrier Frequency 
	700 MHz 

	Repetition Number
	2

	Modulation
	BPSK

	Numerology 
	15kHz

	System Bandwidth 
	180 kHz

	UE number
	1

	BS antenna configuration 
	2 Rx 

	UE antenna configuration 
	1 Tx

	Channel estimation
	MMSE linear estimation

	DTX performance target
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]1% False alarm probability

	Propagation channel & UE velocity 
	EPA 5Hz 

	Detection method
	MAP
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