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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
One of the objectives in the NB-IoT further enhancements work item is to introduce support for physical layer SR [1]. 
In RAN1#88bis and RAN1#89, the following agreements are reached regarding piggybacked SR and dedicated SR:
Agreements:
· [bookmark: OLE_LINK10]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:
· [bookmark: OLE_LINK9]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
[bookmark: OLE_LINK1]In RAN1#92, the following working assumptions are reached regarding piggybacked SR and dedicated SR:
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.
· [bookmark: OLE_LINK73]FFS whether BSR is conveyed on SR without HARQ-ACK
Note that companies are encouraged to provide evaluation results based on the agreed criterion, which are considered when cofirming the WA.
In RAN1#92bis, the following agreements are reached:
Agreement
If the working assumption is confirmed and when SR is transmitted without HARQ-ACK, it is transmitted in NPRACH resource using NPRACH based signal.
If the working assumption is confirmed, UE transmits the physical layer SR at the first opportunity unless there is a collision with another physical layer transmission/reception:
· Collision between SR without HARQ-ACK resource and NPDSCH - SR is not transmitted, and remains pending
· FFS: Collision with NPDCCH search space 
[bookmark: _Ref129681832]It has been agreed as a working assumption to support both physical layer SR with and without HARQ-ACK in order to achieve the WID objective relating to reducing latency and power consumption. This provides the benefits of being able to avoid the laborious connected-mode RACH procedure, and is adaptable to arbitrarily-arriving UL data.
Proposal 1: Confirm the working assumption on physical layer SR. 
In this contribution we provide our views on the remaining details of physical layer SR design.
Physical layer SR with HARQ-ACK
Clearly, eNB needs to control whether SR with HARQ-ACK is permitted or not, according to when the feature is deployed by the eNB, its available processing power, etc. 
Proposal 2: Higher layers enable and disable physical layer SR with HARQ-ACK.
In Rel-14, 2 UL HARQ processes are introduced. When UL data arrives and 2 HARQ processes are configured, it is necessary to specify how to associate physical layer SR transmission to the processes. To increase the reliability of the SR in this case, and avoid eNB needing to apply two different detection methods to NPUSCH format 2, SR should be transmitted on both NPUSCH format 2’s.
Proposal 3: When 2 HARQ processes are configured, SR on/off is transmitted on both NPUSCH format 2’s.
Physical layer SR without HARQ-ACK
Signal design
The existing NPRACH signal, i.e. NPRACH format 0/1 can be reused for physical layer SR without HARQ-ACK. In Rel-15, a new NPRACH format with 1.25 kHz subcarrier spacing, i.e. NPRACH format 2, is introduced for cell radius extension. For NPRACH format 0 and format 1, the subcarrier spacing is 3.75 kHz. Obviously, NPRACH format 2 with narrower subcarrier spacing can increase the SR capacity threefold for a given NPRACH bandwidth allocation. Depending on capability and related decisions, it is probable that a UE supporting NPRACH format 2 will always use it when the cell configures it, and at least in principle we should support that a cell in future configures no NPRACH format 0 or 1 resources. So NPRACH format 2 can also be used for physical layer SR without HARQ-ACK. 
NPRACH resource is periodic and NPUSCH transmission is postponed when colliding with NPRACH resource. In Rel-13/Rel-14, there is a part of reserved NPRACH resource used for non-contention based RACH. The total NPRACH resource is configured by higher layer parameter nprach-NumSubcarriers, and the contention-based NPRACH resource portion is configured by higher layer parameter nprach-NumCBRA-StartSubcarriers). The non-contention based NPRACH resource is determined by nprach-NumSubcarriers - nprach-NumCBRA-StartSubcarriers.The resource for non-contention based RACH is easier to use because there is no impact on UE-initiated NPRACH transmission, and the non-contention based RACH is triggered by NPDCCH order, eNB can handle the collision of NPRACH preamble triggered by NPDCCH order and SR transmission by scheduling of ordered RACHs. 
Proposal 4: For physical layer SR without HARQ-ACK, SR on/off is indicated by presence/absence of a NPRACH preamble of NPRACH format 0/1/2 in configured resources among those for non-contention-based RACH.
In legacy LTE, SR is used for requesting uplink resources for new transmission. It only informs eNB whether there is a new uplink transmission. It does not carry the information about the amount of uplink data. In order to enable eNB to allocate proper resource, after sending SR, UE has to send another signaling, i.e. BSR (Buffer Status Report), to inform the amount of uplink data in its buffer. 
[bookmark: OLE_LINK21]However, the situation in NB-IoT is different considering NB-IoT is more sensitive on power consumption. To further reduce latency and power consumption, SR carrying BSR information can be considered in NB-IoT. BSR information can be carried by the amount of delay time when sending SR. The UE is in connected mode, so it has TA. An example design is shown in Figure 1, where the SR signal can provide four values for BSR. The granularity of delay time is 1/4 NPRACH CP length. For NPRACH format0, the delay time is selected from {0, 1/4, 1/2, 3/4}*2048Ts. For NPRACH format1, the delay time is selected from {0, 1/4, 1/2, 3/4}*8192Ts. For NPRACH format2, the delay time is selected from {0, 1/4, 1/2, 3/4}*24576Ts.
Proposal 5: BSR is conveyed on physical layer SR without HARQ-ACK. BSR information is carried by the amount of delay time when sending SR, from {0, 1/4, 1/2, 3/4}*CP length.

 [image: ]
[bookmark: _Ref488348642]Figure 1 An example of BSR indication according to SR delay, where starting time includes timing advance.
Resource configuration
For physical layer SR without HARQ-ACK, SR on/off is indicated by presence/absence of a NPRACH preamble of NPRACH 0/1/2 in configured resourcesamong those for non-contention based RACH, which is triggered by NPDCCH orderSo the RRC parameters to configure the resource can be the same as NPDCCH ordered RACH. Howerver, for NPDCCH ordered RACH, the resource parameters are allocated in DCI format N1 as follows: 
	6.4.3.2	DCI Format N1 (TS 36.212)
…
Format N1 is used for random access procedure initiated by a NPDCCH order only if NPDCCH order indicator is set to ‘1’, format N1 CRC is scrambled with C-RNTI, and all the remaining fields are set as follows:
-	Starting number of NPRACH repetitions – 2 bits as defined in section 16.3.2 of [3]
-	Subcarrier indication of NPRACH – 6 bits as defined in section 16.3.2 of [3] 
-	Carrier indication of NPRACH – 4 bits as defined in section 16.3.2 of [3]. This field is only present if nprach-MultiCarrierConfig is configured and the UE indicates the multiCarrier-NPRACH capability. 
-	All the remaining bits in format N1 are set to one



[bookmark: OLE_LINK5]For SR without HARQ-ACK, such parameters need to be configured by RRC instead of DCI, i.e. carrier indication, subcarrier indication within the indicated carrier, and NPRACH repetition number. The value range of carrier indication can reuse NPDCCH ordered RACH, i.e. {0,1,…,15}. The value range of repetition number can reuse NPDCCH ordered RACH, i.e. {0, 1, 2, 3}.

	16.3.2	Timing (TS 36.213)
…


-	a repetition number () for NPRACH determined by the repetition number field () in the corresponding DCI according to Table 16.3.2-1 where R1, R2 (if any) and R3 (if any) are given by the higher layer parameter numRepetitionsPerPreambleAttempt for each NPRACH resource, respectively. R1 < R2 <R3.

Table 16.3.2-1: Number of repetitions () for NPRACH following a "PDCCH order"
	

	


	0
	R1

	1
	R2

	2
	R3

	3
	Reserved


…



To save signaling and resource overhead, it is sufficient to support that the network only configures one SR resource for each UE, i.e. UE sends SR with NPRACH format2 or NPRACH format 0/1.
For NPRACH format 2, the subcarrier spacing is 1.25 kHz, in one NB-IoT carrier, there are 180/1.25 = 144 subcarriers. For legacy NPRACH format 0/1, the subcarrier spacing is 3.75kHz, there are 180/3.75 = 48 subcarriers.
Proposal 6: For physical layer SR without HARQ-ACK, the following resource configuration parameters are needed:
· Carrier indication, value range is {0, 1, …, 15}
· Subcarrier indication, value range is {0, 1, … , 47} for NPRACH format 0/1 and the value range is {0, 1, …, 143} for NPRACH format 2.
· Only the subcarriers within non-contention based RACH resource can be indicated.
· Repetition number, value range reuses Table 16.3.2-1 in TS 36.213, i.e. {0, 1, 2, 3}.
· NPRACH format 0/1/2 indication.
Resource sharing between coverage levels
In order to increase SR capacity, UEs in lower coverage level can use part of NPRACH resource in higher coverage level. As shown in Figure 2, the NPRACH resource used for SR transmission has 32 repetitions. UEs with good coverage can use part of the NPRACH resource to send SR. UE1, UE2, UE3 and UE4 use 2 repetitions to send SR. In this way, the SR capacity can increase fourfold. To achieve this, the configuration parameter should also include the starting time and duration. The unit of start time and duration can be one repetition of NPRACH preamble used for SR transmission.

[image: ]
[bookmark: _Ref513209641]Figure 2 An example of multiplexing among multiple UEs
Proposal 7: For physical layer SR without HARQ-ACK, the following resource configuration parameters can also be included in RRC parameter list:
· Starting time, the value range is {0, 1, 2, …, 127}, in units of one repetition of NPRACH preamble used for SR transmission.
· Duration, the value range is {1, 2, 4, 8, 16, 32, 64, 128}, in units of repetition of NPRACH preamble used for SR transmission
Power control
In NB-IoT, there are two types of power control in uplink. One is for NPUSCH, the other for NPRACH. SR is based on NPRACH signal. So the power control should follow the mechanism of NPRACH preamble. But SR is used in connected mode, UE has completed initial access. UE can use the final received target power of NPRACH preamble after power ramping, i.e. MSG3_RECEIVED_TARGET_POWER [4]. It is a waste of time and power consumption to make UE restart the power ramping from the initial received target power. 
[bookmark: _GoBack]Proposal 8: For the transmission of SR, the open loop target power is MSG3_RECEIVED_TARGET_POWER.
Evaluation
The latency and power consumption evaluation are made among the following procedures:
1. Legacy 4-step NPRACH to apply for uplink resource. The procedure is shown in Figure 2(a).
2. Physical layer SR without HARQ-ACK to apply for uplink resource, which does not convey the BSR information. The procedure is shown in Figure 2(b).
3. Physical layer SR without HARQ-ACK to apply for uplink resource, which conveys BSR information. The procedure is shown in Figure 2(c).
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	(a) Legacy 4-step NPRACH
	(b) SR not conveying
BSR information
	(c) SR conveying
BSR information


[bookmark: _Ref510110229]Figure 3 Three procedures used for latency and power consumption evaluation
Latency
The latency evaluation is made by summing the duration of all steps shown in Figure 2. Taking the latency of legacy 4-step NPRACH as baseline, the latency reduction by introducing SR conveying or not conveying BSR information is shown below. In this evaluation, RAR in legacy 4-step NPRACH is assumed to only contain 1 RAR. 
[bookmark: _Ref510115623]Table 2 Latency reduction compared to 4-step RACH from SR without HARQ-ACK
	　MCL(dB)
	144
	164

	　Operation mode
	Standalone
	Guard-band/In-band
	Standalone
	Guard-band/In-band

	SR not conveying BSR
	20.2%
	24.3%
	29.4%
	34.2%

	SR conveying BSR
	30.3%
	41.7 %
	77.5%
	75.3%



As shown in Table 1, compared with legacy 4-step RACH, by introducing SR not conveying BSR information, the latency reduces significantly. If SR conveys BSR information, the latency further sharply reduces. When the network is heavily loaded, collisions will happen, and Msg2 will contain more RARs and Msg3 may need to retransmit. UE will have to perform several random access attempts. Thus the latency of legacy 4-step RACH will increase. By introducing SR, and removing progressively more steps from the RACH procedure for BSR, it can be expected the latency reduction will be even more significant than the values shown in Table 1.
Observation 1: Compared with legacy 4-step RACH, by introducing SR not conveying BSR information, the latency reduces significantly. By introducing SR conveying BSR information, the latency further sharply reduces.
Power consumption
The power consumption evaluation is made by summing the power consumption of all steps shown in Figure 2. Power consumption assumptions can be seen in Annex. Taking the power consumption of legacy 4-step RACH as the baseline, the power consumption reduction results by introducing SR conveying or not conveying BSR information are shown below. In this evaluation, RAR in legacy 4-step RACH is assumed only contain 1 RAR.
[bookmark: _Ref510193513]Table 3 Power consumption reduction from SR without HARQ-ACK
	　MCL(dB)
	144
	164

	　Operation mode
	Standalone
	Guard-band/In-band
	Standalone
	Guard-band/In-band

	SR not conveying BSR
	18.3%
	19.4 %
	26.9%
	28.3%

	SR conveying BSR
	24.9%
	28.0%
	78.7%
	78.0%



As shown in Table 2, compared with legacy 4-step RACH, by introducing SR not conveying BSR information, the power consumption reduces significantly. If SR conveys BSR information, the power consumption further sharply reduces. When the network is heavily loaded, collisions will happen, and Msg2 will contain more RARs and Msg3 may need to retransmit. UE will have to perform several random access attempts. Thus the latency of legacy 4-step RACH will increase. By introducing SR, and removing progressively more steps from the RACH procedure for BSR, it can be expected the latency reduction will be even more significant than the values shown in Table 2.
Observation 2: Compared with legacy 4-step RACH, by introducing SR not conveying BSR information, the power consumption reduces significantly. By introducing SR conveying BSR information, the power consumption further sharply reduces.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Resource overhead
[bookmark: OLE_LINK4]The SR resource overhead depends on the number of UE simultaneously in RRC connected mode. With proposed solution, UE indicates a request in Msg3 to be configured with SR. Network can control the SR resource allocation, and can decide not to allocate SR resource for all the UEs in connected mode. The number of UE simultaneously in RRC connected mode is 50×α, where α∈[0,1]. Assume SR uses NPRACH preamble and SR resource uses a part of NPRACH resource. The resource overhead is calculated as



where Preamble_duration is 6.4ms (format 1 is assumed),  is the number of carrier. The parameter assumptions of SR resource overhead evaluation is shown in Table 3. An example of total SR resource overhead is shown in Table 4.
[bookmark: _Ref510552752]Table 4 Parameter assumptions of SR resource overhead evaluation
	MCL(dB)
	144
	154
	164

	UE number
	45×α
	5×α
	2×α

	Repetition
	2
	8
	32

	Period
	40
	80
	240



[bookmark: _Ref510204003]Table 5 An example of total SR resource overhead with α∈{0, 0.2, 0.4, 0.6, 0.8, 1.0}(Ncarrier = 8)
	α
	0
	0.2
	0.4
	0.6
	0.8
	1.0

	total SR resource overhead
	0
	1%
	2.0%
	3%
	4%
	5%



This is a pessimistic case where all the connected mode UEs support, have requested, and have been configured with, SR and are using the SR without HARQ-ACK resources rather than SR with HARQ-ACK. Practically, the load will be lower than this, possibly substantially so, and also if more NB-IoT carriers are deployed. 
Observation 3: With proposed solution, UE indicates a request in Msg3 to be configured with SR, network can control the SR resource allocation. Thus SR resource overhead is controlled by the network.
Comparison with SPS for BSR
SPS in NB-IoT is considered in case it may reduce power consumption primarily, and may also have some benefit in reducing NPDCCH overhead. The cost is that it needs reserved resource for the following NPDSCH/NPUSCH transmission. It has been proposed to have SPS to carry BSR, although RAN2 have decided not to introduce it unless RAN1 specifically requests the feature. In NB-IoT, short BSR is supported, which is 1 byte. Assume 1 byte MAC header overhead, no MAC SDU and no padding. Thus, for SPS carrying BSR the overhead is the resource reserved for a TB of 16 bits. From [4] , we can see that for 164 dB MCL, a TB of 16 bits needs 64 repetitions with 1 RU. The duration is 64*8 = 512 ms. For SR based on NPRACH signal, its performance is at least the same as NPRACH. SR without HARQ-ACK carrying BSR information has no performance impact. From [5], we can see that NPRACH preamble with 30 repetitions is enough for 164 dB MCL. Considering the repetition number for NPRACH is power of 2, so the duration is 32*6.4 = 204.8 ms.
The reserved resource for SPS solution is more than twice that of SR using NPRACH to convey the same information. For SR without HARQ-ACK carrying BSR, the time to send BSR information is also 204.8 ms. Power consumption is associated with time. So for power consumption of sending BSR, SPS solution is more than twice that of SR without HARQ-ACK.

Observation 4: Power consumption and reserved resource overhead requirements for SPS carrying BSR are more than twice those of SR without HARQ-ACK for 164 dB MCL.

For SPS, the reserved resource is configured via UE-specific signaling, thus network scheduling for NPUSCH will be restricted to avoid collision among different UEs. For SR without HARQ-ACK, configured resources for NPDCCH-ordered RACH can be used. With the help of NPRACH resource configuration via cell-specific signaling, if NPRACH is used, existing mechanisms of NPUSCH postponement around NPRACH will automatically ensure no impact to the scheduling of NPUSCH. 
Observation 5: SPS solution for BSR will have impact to scheduling of NPUSCH, while for SR without HARQ-ACK based on NPRACH signal there is no such impact.
Conclusions
In this contribution, we provide the design of physical layer SR with HARQ-ACK and physical layer SR without HARQ-ACK. The following proposals are made.
Proposal 1: Confirm the working assumption on physical layer SR. 
Proposal 2: Higher layers enable and disable physical layer SR with HARQ-ACK.
Proposal 3: When 2 HARQ processes are configured, SR on/off is transmitted on both NPUSCH format 2’s.
Proposal 4: For physical layer SR without HARQ-ACK, SR on/off is indicated by presence/absence of a NPRACH preamble of NPRACH format 0/1/2 in configured resources among those for non-contention-based RACH.
Proposal 5: BSR is conveyed on physical layer SR without HARQ-ACK. BSR information is carried by the amount of delay time when sending SR, from {0, 1/4, 1/2, 3/4}*CP length.  
Proposal 6: For physical layer SR without HARQ-ACK, the following resource configuration parameters are needed:
· Carrier indication, value range is {0, 1, …, 15}
· Subcarrier indication, value range is {0, 1, … , 47} for NPRACH format 0/1 and the value range is {0, 1, …, 143} for NPRACH format 2.
· Only the subcarriers within non-contention based RACH resource can be indicated.
· Repetition number, value range reuses Table 16.3.2-1 in TS 36.213, i.e. {0, 1, 2, 3}.
· NPRACH format 0/1/2 indication.
Proposal 7: For physical layer SR without HARQ-ACK, the following resource configuration parameters can also be included in RRC parameter list:
· Starting time, the value range is {0, 1, 2, …, 127}, in units of one repetition of NPRACH preamble used for SR transmission.
· Duration, the value range is {1, 2, 4, 8, 16, 32, 64, 128}, in units of repetition of NPRACH preamble used for SR transmission
· 
Proposal 8: For the transmission of SR, the open loop target power is MSG3_RECEIVED_TARGET_POWER.
We have the following observations:
Observation 1: Compared with legacy 4-step RACH, by introducing SR not conveying BSR information, the latency reduces significantly. By introducing SR conveying BSR information, the latency further sharply reduces.
Observation 2: Compared with legacy 4-step RACH, by introducing SR not conveying BSR information, the power consumption reduces significantly. By introducing SR conveying BSR information, the power consumption further sharply reduces.
Observation 3: With proposed solution, UE indicates a request in Msg3 to be configured with SR, network can control the SR resource allocation. Thus SR resource overhead is controlled by the network.
Observation 4: Power consumption and reserved resource overhead requirements for SPS carrying BSR are more than twice those of SR without HARQ-ACK for 164 dB MCL.
Observation 5: SPS solution for BSR will have impact to scheduling of NPUSCH, while for SR without HARQ-ACK based on NPRACH signal there is no such impact.
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Annex 
[bookmark: _Ref488243958]Table 6 Power consumption assumption model
	Operating mode
	
	Power (mW)
	Notes

	Transmit
(+23 dBm)
	Integrated PA
	500
	+23 dBm with 45% PA efficiency for GMSK uplink (including Tx/Rx switch insertion loss) plus 60 mW for other circuitry.

	
	External PA
	460
	+23 dBm with 50% PA efficiency for GMSK uplink (including Tx/Rx switch insertion loss) plus 60 mW for other circuitry.

	Receive
	Synchronization (NPSS/NSSS)
	80
	Accounts for more complex digital processing during synchronization, using FFT based cross-correlation for PSS detection.

	
	Normal
(NPBCH, NPDCCH, NPDSCH)
	70
	Includes FFT based OFDM demodulation, based on sampling rate of 240 kHz.

	Sleep
	
	3
	Corresponds to maintaining accurate timing by keeping RF frequency reference active.

	Standby
	
	0.015
	Common assumption.
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