3GPP TSG RAN WG1 Meeting #92                                          R1-1801602
Athens, Greece, 26th February – 2nd March 2018 

Source:               ZTE, Sanechips
Title:                    Details on physical layer SR for NB-IoT
Agenda item:      6.2.6.1.3
Document for:    Discussion and Decision
1 Introduction
In RAN #77 meeting, revised WID on further NB-IoT enhancements was approved [1]. One of the objectives is further latency and power consumption reduction.
Further latency and power consumption reduction

· Support for physical layer SR [RAN1, RAN2]

In RAN1 #88bis meeting, the following agreements were achieved for physical layer SR [2].
· 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
In RAN1 #89 meeting, the following agreements were achieved for physical layer SR [3].
· 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 discuss the detailed design on physical layer scheduling request for NB-IoT.
2 Piggybacked SR with HARQ-ACK
In [4], options on piggybacked SR with HARQ-ACK were evaluated. It can be observed from the simulation results that Option 1 and Option 3 have similar performance. Compared with legacy HARQ-ACK performance, both options have about 2.65 dB performance loss. If OCC is adopted for piggybacked SR with HARQ-ACK, two length-16 Walsh code on ACK/NACK data symbols can be used. Walsh code [1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1] is used to signal SR OFF while Walsh code [1 -1 1 -1  1 -1  1 -1 1 -1 1 -1  1 -1  1 -1] is used to signal SR ON.
Proposal 1: If OCC is adopted for piggybacked SR with HARQ-ACK, two length-16 Walsh code on ACK/NACK data symbols can be used to signal SR ON/OFF.
·  [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.

As evaluated in [4], sending SR with HARQ ACK/NACK degrades the performance of ACK/NACK decoding. To reduce the impact on ACK/NACK, piggybacked SR with HARQ ACK/NACK should be configured by RRC signaling. SR can be sent with HARQ ACK/NACK only when feature of piggybacked SR with HARQ ACK/NACK is enabled.
Proposal 2: Feature of piggybacked SR with HARQ ACK/NACK is configured by RRC signaling.
3 Dedicated physical layer SR design
For UEs without DL data, preconfigured resources for SR signal transmission can reduce power consumption and latency. Dedicated time-frequency resources can be configured for physical layer SR transmission by RRC signaling. The dedicated SR resources can be UE-specific or multiplexed by multiple UEs. The resource is single tone and the resource size can be based on NPUSCH format 2 or NPRACH signal.

· Option 1: Physical layer SR based on PUSCH format 2

The resource size of physical layer SR is same as that of PUSCH format 2 for ACK/NACK transmission. The resource size is 2 ms for 15 kHz subcarrier spacing (4 slots) and 8 ms for 3.75 ms subcarrier spacing (4 slots) depending on the configured subcarrier spacing for PUSCH. Periodic single-tone SR resources are configured for the UE by RRC signaling.

If the pre-configured dedicated SR resources are UE-specific, structure of Rel-13 NPUSCH format 2 can be reused. In this case, DMRS of Rel-13 NPUSCH format 2 is reused but on-off keying modulation instead of ∏/2-BPSK is used for SR transmission.
In order to increase the SR capacity, the configured dedicated SR resources can be multiplexed by multiple UEs. Sequence design without DM-RS can be considered for SR resources multiplexed by multiple UEs. For UEs sharing the same single tone SR resource, different UEs use different sequence index (e.g., orthogonal sequence). Considering that each PUSCH format structure has 28 OFDM symbols, length-28 sequence may be a good choice. 

· Option 2: Physical layer SR is based on NPRACH

The resource size of physical layer SR can be based on NB-IoT NPRACH symbol group. The resources can be configured within contention-free random access resource region or outside the random access resource region. UE-specific SR resources configured within contention-free random access region can reduce the impact on legacy UEs. 

Based on the simulation assumption in Table A.1, simulation results on detection probability of SR signal based on different number of NRACH symbol groups are summarized in Table 1. From the simulation results, we can see that single NPRACH symbol group is enough to meet the detection requirement for normal coverage (MCL = 144 dB). For deep coverage case, detection requirement can be met by repetitions of the NPRACH symbol group.

Table 1 Detection performance of SR signal based on NRACH symbol group

	MCL
	SNR 
	Number of NPRACH symbol groups
	Detection probability

	144 dB
	14.25 dB
	1
	99.6%

	155 dB
	4.25 dB
	8
	99%

	164 dB
	-5.75 dB
	160
	99.4%


Considering that SR is only used for an NB-IoT UE in RRC connected mode, SR signal with length of one NPRACH symbol group is beneficial for SR overhead reduction. 

If pre-configured dedicated SR resources in contention-free random access resource region are UE-specific, NPRACH signal can be reused for SR transmission.

In order to increase the SR capacity, the configured dedicated SR resources can be multiplexed by multiple UEs.  For example, if length-5 orthogonal sequence is carried by a NPRACH symbol group, 5 UEs can share the same resource to transmit the SR signal. 
Observation 1: For normal coverage (MCL = 144 dB), SR signal based on single NPRACH symbol group can meet the detection requirement. 

Observation 2: Configuring dedicated SR in unused NPRACH region can reduce the scheduling restrict on legacy PUSCH. 
If dedicated SR is supported, the SR resources are semi-statically configured by RRC signaling. The overhead of resource reserved for SR transmission may be huge. Further, the RRC configured SR resources are useless when the UE has DL data transmission. If SR resources can be dynamically enabled/disabled after they are semi-statically configured by RRC signaling, resource utilization would be improved since reserved SR resources can be utilized for other UEs or other purposes. Dynamic physical layer signaling to enable/disable the RRC configured SR resources can be considered.

Observation 3: Dynamically enabling/disabling SR resources can reduce the reserved SR resources.
Proposal 3: Dedicated SR is supported as complementary technique of piggybacked SR.

· Dedicated SR is based on NB-IoT NPRACH symbol group.

· Dynamic physical layer signalling can be considered to enable/disable the RRC configured SR resources. 
4 Conclusions
In this contribution, we have discussed the details on physical layer scheduling request for NB-IoT. We make the following observations and proposals:
Observation 1: For normal coverage (MCL = 144 dB), SR signal based on one NPRACH symbol group can meet the detection requirement. 

Observation 2: Configuring dedicated SR in unused NPRACH region can reduce the scheduling restrict on legacy PUSCH.  
Observation 3: Dynamically enabling/disabling SR resources can reduce the reserved SR resources.
Proposal 1: If OCC is adopted for piggybacked SR with HARQ-ACK, two length-16 Walsh code on ACK/NACK data symbols can be used to signal SR ON/OFF.
·  [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.

Proposal 2: Feature of piggybacked SR with HARQ ACK/NACK is configured by RRC signaling.
Proposal 3: Dedicated SR is supported as complementary technique of piggybacked SR.
· Dedicated SR is based on NB-IoT NPRACH symbol group.

· Dynamic physical layer signalling can be considered to enable/disable the RRC configured SR resources. 
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Annex
Table A.1: NPRACH simulation parameters

	Parameter
	Value

	Channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	1 Tx; 2 Rx

	Timing uncertainty
	0

	Frequency error
	0

	Sample rate
	1.92 MHz

	False alarm probability
	0.1%


