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Discussion and Decision
1 Introduction

In [1], one objective of the WID is to introduce support for dedicated physical layer scheduling request. In RAN1#88bis, it was agreed that –

· 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.
In RAN1#89, it was agreed that –

· 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
In this contribution, we consider potential design options for scheduling request.
2 SR + HARQ-ACK Design
Transmission of SR with HARQ-ACK has been agreed in RAN1#88bis and two options are to be selected based on the agreement from RAN1#89 – QPSK-based constellation or cover-code/orthogonal sequence. If QPSK is used, approximately 3dB would be required compared to BPSK modulation used in NPUSCH format 2. Thus, if this is not properly compensated there would be a 3dB performance loss. In addition, NPUSCH format 2 would have to support /4-QPSK modulation. With cover-code/orthogonal sequence, it is expected that performance loss would be less than using QPSK as BPSK would still be used. Furthermore, it may be possible for the UE to allocate different powers to each of the cover-code/orthogonal sequence, to differentiate performance requirements. Finally, when SR is not transmitted, there would be no performance loss. Therefore, it is proposed that cover-code/orthogonal sequence be used when SR is to be multiplexed with HARQ-ACK. 
Proposal 1: Piggybacked SR with HARQ-ACK is supported using cover code/orthogonal sequence on ACK/NACK data symbols and/or DM-RS symbols. 
3 Dedicated SR Design
For dedicated SR design, capacity is important since the eNB must be able to accommodate large number of configured users (although in practice very few users may be sending scheduling requests at any one time). It has been agreed in RAN1#88bis to base the design for dedicated SR on either NPRACH or NPUSCH format 2. The trade-offs between the two choices can be summarized as follows –

· NPUSCH Format 2. This would allow 12 or 48 UEs to be multiplexed in one PRB via FDM using 15 or 3.75 kHz subcarrier separation, respectively. Additional capacity can be added by introducing different code sequences for different users. If non-coherent detection based format is used, then a length-28 code can be used. This allows 28 users to be multiplexed within a tone. If coherent detection is used, then the current DMRS structure would need to be modify to support UE-specific DMRS multiplexing for different users (although cell-specific OCC of 3 is supported which can be re-purposed). In this case, only 3 users can be multiplexed into each tone. 

· NPRACH. This would allow 48 UEs to be multiplexed in one PRB. Additional capacity can be added by introducing different code sequences for different users. Depending on the design, it might be possible to multiplex 4 or 5 UEs within a tone. To support up to 20 users, frequency hopping between symbol groups cannot be used. However, without frequency hopping between symbol groups, the NPRACH would be similar to NPUSCH format 2 and could not co-exist easily with legacy NPRACH transmissions.
From a specification perspective, both options do not require substantial changes. However, from a capacity perspective, when the same time-frequency resource is used (e.g. 15 kHz allocation by 8ms), SR based on NPUSCH format 2 can support 112 users while SR based on NPRACH can support 20 users.
Furthermore, NPUSCH simulation results shown in Table 1 shows that only 1 repetition would be sufficient to support MCL of 144 dB, and approximately 4 repetitions would be needed for 154 dB MCL. This corresponds to 2ms and 8ms transmission times, respectively. In contrast, the required SNR NPRACH simulation results with repetition 8 (i.e. transmission of approximately 51ms) is -4.27 dB [3]. Thus, performance of NPUSCH format 2 is better than the NPRACH. 
Table 1. Simulation results for NPUSCH format 2 [2].
	Number of TX antennas
	Number of RX antennas
	Propagation conditions 

	Number of allocated subcarriers
	Subcarrier spacing
	Repetition number
	SNR [dB]

	1
	2
	EPA 5 Low
	1
	15KHz
	1
	3.75

	
	
	
	
	
	16
	-9.07

	
	
	
	
	
	64
	-12.96


In addition, NPRACH receiver complexity is significantly higher than that for NPUSCH. Therefore, it is seen that NPUSCH Format 2 is the most suitable format for the baseline SR transmission scheme. Therefore, it is proposed that dedicated scheduling request is based on NPUSCH Format 2.
Proposal 2: Dedicated scheduling request is supported based on NPUSCH format 2. 
One straightforward difference between NPUSCH Format 2 and SR would be the absence of any transmission when there is no scheduling request to send. Hence, rather than ACK/NACK using BPSK modulation, SR would be indicated by the presence or absence of the transmission from the UE (i.e. via on/off signaling or keying). 
Proposal 3: Dedicated scheduling request uses on/off signalling. 
As discussed earlier, using code domain multiplexing will increase capacity substantially. For 15 kHz subcarrier separation, up to 28 users can be multiplexed within one tone, which may be sufficient. Additional capacity can be supported by using more tones or by using longer time (e.g. 112 users can be supported within one tone using 8ms). Note that code domain multiplexing can also be applied to 3.75 kHz subcarrier separation, but performance might be poor due to frequency errors.
Proposal 4: Support code domain multiplexing to increase dedicated scheduling request capacity.
4 Configuration of Dedicated SR
In Section 2, it is proposed that scheduling request is based on NPUSCH format 2. Naturally, scheduling request is configured by higher layers and time-frequency resource is pre-allocated to the UE. In this case, legacy NB-IoT UEs are not aware of the new SR configuration and collisions can occur. There are two approaches to avoid these potential collisions – (1) reuse NPRACH resources for SR or (2) leave to eNB implementation. Reusing NPRACH resources is attractive but there are several concerns with this approach. First, on non-anchor carriers, Rel-13 UEs are also not aware of NPRACH configuration as this feature was only supported in Rel-14. Therefore, eNB must still manage potential collisions. Second, additional NPRACH resources will be required as the eNB would strive to maintain the same NPRACH collision probability as before. However, NPRACH resource configuration is rather coarse. In the frequency domain, the number of tones can be only be increased in multiple of 12. In the time domain, typically the periodically can only be reduced by a factor of half. 
Thus, using the NPRACH configuration for SR can result in potentially large increase in overhead. In addition, the NPRACH periodicity can be very long, especially for UEs in large coverage enhancement. For instance, for UEs with 154 dB MCL, the NPRACH may occur only every 320 or 640ms. Furthermore, NPRACH configuration can only be changed by updating the system information block, which would impact all UEs in the cell. That makes it not suitable for some use cases. Therefore, it is preferred that legacy NPRACH resources is not used for SR.
Observation 1: Reusing NPRACH resources for dedicated scheduling request is not preferred. 
As discussed above, scheduling request is configured by higher layers and time-frequency resource is pre-allocated to the UE. In this case, the configuration could consist of SR periodicity, starting subframe frame offset, frequency location index, repetition number, and code index. Similar to legacy SR configuration, the configuration is UE specific, although many UEs can share the same time-frequency resource. 
Proposal 5: Scheduling request configuration per UE is given via higher-layer signalling and indicates periodicity, offset, subcarrier index, repetition number, and code index. 
Note that this flexible configuration allows the eNB to tailor scheduling request to fit with the UE search space configuration. As the search space occurs every T ms, the eNB can configure scheduling request to closely line up with one of the search spaces to reduce potential delay in scheduling the UE.

5 Collision Handling for Dedicated SR
Since it is proposed that scheduling request configuration is done independently of the NPRACH configuration, it would be up to the eNB to handle scheduling request collisions with uplink transmissions from legacy UEs. This is similar as the handling that would be needed for Rel-13 UEs when NPRACH is supported on non-anchor carriers, and is not expected to introduce significant complexity in the network. Note that, in some cases, it may be possible for the eNB to detect both SR and NPUSCH transmissions when they overlap.
Proposal 6: It is up to eNB to handle scheduling request collisions with uplink transmissions from legacy UEs.

For Rel-15 UEs, it is proposed that SR has lower priority than other transmissions [4]. For collision between SR and PUSCH, there would be no need to transmit the SR and it can be dropped as any BSR can be transmitted as part of the PUSCH transmission. For collision between SR and NPRACH, the SR can be either dropped or postponed. If the SR is dropped, there is a potential error case where the SR always overlaps with NPRACH and is therefore dropped all the time. However, this could be considered as a misconfiguration by the eNB. If the SR is postponed, this can create potential collision issues for the postponed transmission that must be tracked by the eNB. To keep it simple, it is therefore proposed that SR is dropped in case of collision with NPRACH. For collision between SR and NPDSCH (e.g. configured SR allocation that happens in the middle of an ongoing NPDSCH transmission), SR should be dropped. In this case, if SR multiplexing with ACK/NACK can be supported, the UE can transmit the SR with the ACK/NACK. Else the UE can wait until the next configured SR allocation. For collision between SR and NPDCCH search space (e.g. configured SR allocation that happens in the middle of an ongoing NPDCCH search space or ongoing SR transmission that overlaps with a search space), SR should be dropped. 
For collision between SR and ACK/NACK, it was agreed in RAN1#88bis that sending SR with ACK/NACK can serve as the baseline case for UE with DL data. This does not require significant specification effort. However, performance would be impact as the required SNR for QPSK would be 3 dB higher. This means that the ACK/NACK might be erroneously decoded which has significant impact. Thus, some adjustment techniques (e.g. increasing the number of repetitions) might be necessary.
Proposal 7: For Rel-15 UEs, the following collision rules are used –

· Collision with NPRACH/NPUSCH format 1/ NPDSCH/ NPDCCH search space - SR is dropped

· Collision with NPUSCH format 2 - SR is multiplexed with ACK/NACK
6 Conclusions

In this contribution, we consider potential design options for scheduling request and make the following observation and proposals –

Proposal 1: Piggybacked SR with HARQ-ACK is supported using cover code/orthogonal sequence on ACK/NACK data symbols and/or DM-RS symbols.
Proposal 2: Dedicated scheduling request is supported based on NPUSCH format 2. 
Proposal 3: Dedicated scheduling request uses on/off signalling. 
Proposal 4: Support code domain multiplexing to increase dedicated scheduling request capacity.

Observation 1: Reusing NPRACH resources for dedicated scheduling request is not preferred. 
Proposal 5: Scheduling request configuration per UE is given via higher-layer signalling and indicates periodicity, offset, subcarrier index, repetition number, and code index.
Proposal 6: It is up to eNB to handle scheduling request collisions with uplink transmissions from legacy UEs.

Proposal 7: For Rel-15 UEs, the following collision rules are used –

· Collision with NPRACH/NPUSCH format 1/ NPDSCH/ NPDCCH search space - SR is dropped

· Collision with NPUSCH format 2 - SR is multiplexed with ACK/NACK
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