3GPP TSG RAN WG1 Meeting #90bis	R1-1716974
Prague, Czech Republic, October 9-13, 2017

Agenda Item:	6.2.6.4
Source:	Huawei, HiSilicon
Title:	Use cases and design for physical layer scheduling request
Document for:	Discussion and decision 

[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:
· 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_LINK85]In this contribution we provide our views on the design of physical layer SR.
[bookmark: _Ref129681832]Use cases for physical layer SR
Avoiding connected mode RACH
In Rel-13/14, for a connected mode UE, when there is uplink data arrival but the UE has no uplink grant at that moment, the only option is to initiate a contention-based 4-step RACH procedure to request an uplink grant. During a contention-based RACH procedure, the UE needs to monitor type2-CSS for potentially the whole length of a RAR window to detect NPDCCH addressed to RA-RNTI that schedules Msg2, which may or may not include a RAR corresponding to the preamble sent by the UE. Even in case finally the Msg2 containing the corresponding RAR is detected, one or several large Msg2 attempts have already been decoded by the UE. After reception of the RAR, the connected mode UE shall transmit uplink Msg3 to deliver the information regarding the buffer status to the eNB. However, the TB size of Msg3 is 88 bits which is much larger than that needed for a BSR. The uplink transmission power (and resource) is also wasted here. Furthermore, if unfortunately a collision happens, the whole procedure from the NPRACH preamble may need to be retransmitted after a RAR window, and the power consumption and latency may be even worse.
In summary, requesting an UL grant via contention-based RACH procedure in connected mode consumes an amount of power and time it is possible and worthwhile to decrease, for the purpose of requesting uplink grant. Hence, physical layer SR is decided to be specified in Rel-15 NB-IoT.
Observation 1: The contention-based RACH procedure is not a power-efficient way to request an uplink grant in connected mode.

Both piggybacked SR and dedicated SR have been discussed in RAN1 as guided by the WID that physical layer SR needs to be specified in Rel-15. From technical point of view, piggybacked SR and dedicated SR are complementary to each other. It is clear that piggybacked SR with HARQ-ACK only applies to the scenario when there is a DL data transmission which fortunately closely coincides with an uplink data arrival. Only after uplink data arrival followed by downlink scheduling, can piggybacked SR be sent. It is clear that piggybacked SR cannot cover all the cases when a UE needs to request an uplink grant for uplink data transmission.
Observation 2: Piggybacked SR with HARQ-ACK covers only scenarios when there is DL transmission close to the uplink data arrival, and it cannot cover all the cases when a UE needs to request an uplink grant for uplink data transmission. In those other cases, there is a choice to require a laborious connected mode RACH procedure, or introduce dedicated SR.

The Rel-15 WI also has an objective to consider enabling the sending of data during the RACH procedure. However, the motivation and issues resolved are quite different. Physical layer SR targets connected mode UEs to avoid inefficient contention-based RACH procedure for requesting an uplink grant, while early data in RACH targets IDLE mode UE, when only a small NAS PDU needs to be transmitted. By using early data in RACH, the UE still needs to do a contention-based RACH procedure. Hence, early data in RACH targets different topic/motivations and cannot be an alternative to physical-layer dedicated SR.
Observation 3：Physical layer SR targets different motivations and scenarios to early data in RACH. The two are not mutual alternatives. 

Arrival of UL data at arbitrary times
There exist some scenarios when there is no DL transmission and the UE needs to request a UL grant for uplink data transmission by using dedicated SR to reduce the power consumption due to a full 4-step contention based RACH procedure. In [2], a typical scenario of sending RLC status report is discussed, where piggybacked SR may not work. As shown in Figure 1, during attach procedure, there are some DLInformationTransfer-NB messages. The message DLInformationTransfer-NB is to transfer NAS information from eNodeB to UE in RRC connected mode, which is sent in RLC-AM (acknowledged mode). After receiving it, UE should send RLC STATUS report, e.g. to report the acknowledgement of RLC ARQ, to the network RLC layer. As discussed in [2], from the perspective of higher layers, the HARQ-ACK for DLInformationTransfer-NB belongs to the MAC layer, while the RLC STATUS report for DLInformationTransfer-NB belongs to the RLC layer. We cannot expect the transmission time is the same for them on different layers. So for the scenario of sending RLC STATUS report for DLInformationTransfer-NB, piggybacked SR is not a good option, let alone the scenario of sending the following uplink NAS message, e.g. ULInformationTransfer-NB.
[bookmark: OLE_LINK1]Furthermore, NAS messages during attach procedure are fully transparent to eNB. The duration between DLInformationTransfer-NB and ULInformationTransfer-NB depends on the application layer and is unknown by the access network. eNB has no way to  know when or even whether a UL NAS message arrives. UE needs to transmit a physical layer SR in this case to avoid a contention based RACH procedure to apply a UL grant. Piggybacked SR cannot work in this case considering there would be no downlink scheduling at the moment. Dedicated SR needs to be specified in this case to deliver UL NAS data in a timely and UE power efficient way.
Observation 4: Dedicated SR needs to be used at least for RLC-ACK transmission and NAS messages because piggybacked SR cannot be used in these scenarios.
Observation 5: Piggybacked SR and dedicated SR are complementary mechanisms to avoid a contention based RACH procedure.
[image: ]
[bookmark: _Ref490224578]Figure 1 Attach procedure in NB-IoT
[bookmark: OLE_LINK22]Providing BSR information to eNB scheduler
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 cannot 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. 
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.
This benefit is not realistically available to piggybacked SR, because increasing the number of states in the ACK/NACK constellation beyond QPSK is not practical from a performance perspective for ACK/NACK reception.
Observation 6: Piggybacked SR designs cannot support inclusion of BSR information with reasonable performance.
Differentiating connected mode UE and idle mode UE
In Rel-13/14, for UEs in either connected mode or idle mode, if a UE needs to request an uplink grant for uplink data, the only way is initiating a contention based RACH procedure to send BSR in msg3. 
In RACH based UL grant request, a common NPRACH resource is used for both connected mode UE and idle mode UE. From eNB point of view, before the reception of Msg3, there is no difference between IDLE mode UE initiated RACH and connected mode UE initiated RACH. In practical deployment, connected mode UE has already consumed energy and latency to switch into connected mode, and it is more likely that the connected mode UE will go to sleep after the uplink data transmitted. Hence from network point of view, it would be better to allocate UL grant for connected mode UE with higher priority to let the connected UE release the connection earlier to save power.
However, without SR, by using contention based RACH for uplink request, a connected mode UE cannot be known by the eNB until Msg3 is received. However, in congested cases, the uplink grant for Msg3 transmission may not be allocated to the connected mode UE at all. Hence, RACH based uplink request for connected mode UE limits the network implementation on prioritize the uplink grant for connected mode UE.
Observation 7: Contention based RACH for uplink grant request limits the network implementation on prioritizing uplink grant allocation for connected mode UE in cases when network thinks it should be prioritized.
In summary, in order to achieve the WID objective relating to reducing latency and UE power consumption via SR, it is necessary to support both dedicated and piggybacked SR. This provides the benefits of being able to avoid the laborious connected-mode RACH procedure, and is adaptable to arbitrarily-arriving UL data. Furthermore, since the principal purpose of SR in LTE is to have a quick way to get a grant to send BSR, the same functionality should be supported in NB-IoT. Without support for this set of functionalities, the objectives in the WID may not be achieved.
Proposal 1: Both piggybacked SR and dedicated SR are specified in Rel-15, otherwise the purpose of introducing physical layer SR in the WID is not achieved.
Proposal 2: Physical-layer SR signal design supports carrying BSR information.

SR signal design
Signal design for piggybacked SR
There are two options agreed as candidates of piggybacked SR:
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

[bookmark: OLE_LINK3]For option 1, the main issue is how to design the QPSK-based constellation mapping for convey ACK/NACK bit and SR bit. The constellation of HARQ-ACK in Rel-13 NB-IoT is marked in black in Figure 2. One proposal in RAN1#89 is reusing the constellation point of HARQ-ACK in Rel-13 when SR is not transmitted. SR ‘on’ information can be carried via rotating the constellation of HARQ-ACK symbols by π/2. In RAN1#90, rotating a smaller angle α is proposed to improve the performance of error probability of detecting an ACK when a NACK is transmitted. The example design of option 1 is shown in Figure 2. 
[image: ]
[bookmark: _Ref488242221]Figure 2 An example design of option 1 for piggybacked SR
For Option 3, SR on/off information is carried by cover code/orthogonal sequence on ACK/NACK data symbols and/or DM-RS symbols. The DMRS symbols themselves for NPUSCH format 2 in Rel-13 
NB-IoT are generated by orthogonal cover code. It is not easy to design another orthogonal sequence on DMRS. For low cost devices, DMRS symbols can be used for frequency tracking in eNB to correct the frequency offset due to the cheap crystals, hence, it is preferred not to introduce another cover code on the DMRS symbols. SR on/off information is carried by cover code/orthogonal sequence on the ACK/NACK data symbols only. An example design of Option 3 is shown in Figure 3.
[image: ]
[bookmark: _Ref488245713]Figure 3 An example design of option 3 for piggybacked SR
To better distinguish SR on/off, the two cover codes should use orthogonal sequences, such as Hadamard codewords. In our evaluation, CC1 is [1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1], and CC2 is [1, -1, 1, -1, 1, -1, 1, -1, 1, -1, 1, -1, 1, -1, 1, -1]. 
Evaluation of candidates for piggybacked SR
The performance impact to HARQ-ACK of example designs of the candidates is shown in Table 1. NACK->ACK performance is shown in Table 2.
[bookmark: _Ref488247273]Table 1 The performance impact to HARQ-ACK of example design of both example design options at target SNR -7.7dB  fulfilling 164dB MCL
	
	[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Probability(DTX->ACK)
	 Probability(ACK missed detection)

	Rel-13 baseline
	0.34%
	0.72%

	Example design of option 1
	0.37%
	0.76%

	Example design of option 3
	0.59%
	0.72%



[image: ]
[bookmark: _Ref493755301]Figure 4 NACK->ACK performance(%)
As shown in Table 1, the performance impact to HARQ-ACK is negligible. As shown in Figure 4, for option 1, a smaller rotation has better NACK->ACK performance. It is because for smaller rotation the constellation point carrying NACK and constellation point carrying ACK has larger Euclidean distance. But from Figure 4, we also see that for option 3 the NACK->ACK performance is close to Rel-13 without any optimization design. And for option 1, even if α approaches 0, the NACK->ACK performance limitation of option 1 approximates Rel-13. In NB-IoT, there is no requirement for NACK->ACK performance. In LTE, the requirement for NACK->ACK performance is not to exceed 0.1%. We believe the same requirement can be assumed in NB-IoT. As shown in Figure 4, both option 1 and option 3 can satisfy this requirement at target SNR -7.7dB which corresponds to 164dB MCL. Option 3 achieves much better NACK->ACK performance than Option1.
For option 1, depending on whether SR is on or off, one branch of constellation points, either the red dashed line or black dashed line, are chosen to be used for modulation. Hence, finally the transmitted modulation is neither the same as pi/2-BPSK nor the pi/4-QPSK in Rel-13/14. If a smaller rotation is used, the constellation point is different from traditional BPSK or QPSK modulation constellation point in legacy LTE. The PAPR would be impacted further in this case. Hence, option 1 will add more work for RAN4 to define new requirements and formulate new test cases for NPUSCH format 2 demodulation. For option 3, the constellation mapping of NPUSCH format 2 is the same as pi/2-BPSK in Rel-13. So option 3 has less standards impact to RAN4.
Furthermore, a cover code method is commonly used in LTE and it is easy to introduce more than two codes to introduce more states of SR in future.
Observation 8: For piggybacked SR with HARQ-ACK, carrying SR on/off by two orthogonal length-16 cover codes on ACK/NACK data symbols has small impact to HARQ-ACK performance and less standard impact to RAN4.
Observation 9: Carrying SR on/off by two orthogonal length-16 cover codes on ACK/NACK data symbols can be extended more easily in future, e.g. multiple-bits SR, for further power consumption reduction.

Signal design for dedicated SR
In RAN1#88bis, there are two candidates for dedicated SR. Alt 1 is based on NPRACH signal. Alt 2 is based on NPUSCH format 2 signal. For Alt 1, the existing NPRACH signal can be reused for dedicated SR. After UE sends NPRACH for SR, the following random access procedure is not performed. Compared with random access procedure, power consumption and latency reduction is obvious. If a portion of NPRACH resource is used by dedicated SR, then Alt 1 will naturally coexist with existing signals. For Alt 2, the signal is based on NPUSCH format 2, whose signal structure is single-tone based signal without frequency hopping. It may introduce interference between NPUSCH format2 based SR and NPRACH transmission. There have been some proposals to have particular configuration to reduce the impact on existing signals, however it would add extra limitations to resource configuration.
Rel-13 NPRACH resource is periodic and NPUSCH transmission is postponed when colliding with NPRACH resource. Hence, using a part of the NPRACH resources among the resources for NPDCCH ordered RACH, is a good starting point. The resource for NPDCCH ordered RACH is easier to use because there is no impact on UE-initiated NPRACH transmission, and the eNB can handle the collision of NPRACH preamble triggered by NPDCCH order and SR transmission by scheduling of ordered RACHs. 
Observation 10: Dedicated SR signal based on NPRACH and in resources for NPDCCH ordered RACH can coexist naturally with existing NB-IoT UL transmissions.
As mentioned before, SR carrying BSR information can further reduce latency and power consumption. 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 4, where he SR signal can provide four values for BSR.The granularity of delay time is 1/4 symbol length.
[image: ]
[bookmark: _Ref488348642]Figure 5 An example of BSR indication according to SR delay
In summary, we propose that the signal design for physical layer SR is as follows:
Proposal 4: The signal design for physical layer SR is as follows:
· When transmitted with HARQ-ACK, SR on/off is carried by two orthogonal length-16 cover codes on ACK/NACK data symbols; and
· When transmitted without HARQ-ACK, SR is on/off is indicated by presence/absence of a NPRACH preamble in configured resources among those for NPDCCH-ordered RACH. BSR information is carried by the amount of delay time when sending SR.

[bookmark: OLE_LINK10]Further details for dedicated SR
[bookmark: OLE_LINK2]Resource configuration
The physical layer SR is triggered by UE in connected mode, and the network does not know when UL data will arrive for a UE in the cell. Therefore, resource should be reserved for SR transmission when UEs set up the RRC connection, and the opportunities for SR transmission should be periodic. Thus the resource for physical layer SR should be configured to be periodic and a UE uses the next available resource to send SR when an uplink data arrives.  
Proposal 5: Periodic resource is used for dedicated SR transmission, configured by higher layers to UEs supporting physical layer SR.

Different UEs have different coverage levels. If the network allocates resource according to the worst coverage level, it will consume unnecessary resources from the perspective of UEs in better coverage levels. On the other hand, if the network allocates resource according to a good coverage level, the performance cannot be ensured for UEs in bad coverage levels. So the resource allocation for SR transmission should balance the occupancy of resources and the performance. The coverage level should be considered.
[bookmark: OLE_LINK11]Proposal 6: The resources for dedicated SR transmission are configurable according to coverage.
Other considerations
In RAN1#90, some companies have concern on how network knows which UE should be configured with dedicated SR. This can be solved simply by having the UE indicate a request in Msg3 to be configured for dedicated SR, when the UE was in the procedure from idle mode to connected mode. In addition, one of the Rel-15 NB-IoT objectives is to support UE differentiation, which is being discussed in RAN2. It will provide new QCI information to the network, which can provide the eNB a mechanism to implement this.
Conclusions
In this contribution, we provide the use cases and our considerations about the design of physical layer scheduling request. The following proposals and observations are made.
Observation 1: The contention-based RACH procedure is not a power-efficient way to request an uplink grant in connected mode.
Observation 2: Piggybacked SR with HARQ-ACK covers only scenarios when there is DL transmission close to the uplink data arrival, and it cannot cover all the cases when a UE needs to request an uplink grant for uplink data transmission. In those other cases, there is a choice to require a laborious connected mode RACH procedure, or introduce dedicated SR.
Observation 3：Physical layer SR targets different motivations and scenarios to early data in RACH. The two are not mutual alternatives.
Observation 4: Dedicated SR needs to be used at least for RLC-ACK transmission and NAS messages because piggybacked SR cannot be used in these scenarios.
Observation 5: Piggybacked SR and dedicated SR are complementary mechanisms to avoid a contention based RACH procedure.
[bookmark: _GoBack]Observation 6: Piggybacked SR designs cannot support inclusion of BSR information with reasonable performance.
Observation 7: Contention based RACH for uplink grant request limits the network implementation on prioritizing uplink grant allocation for connected mode UE in cases when network thinks it should be prioritized.
Proposal 1: Both piggybacked SR and dedicated SR are specified in Rel-15, otherwise the purpose of introducing physical layer SR in the WID is not achieved.
Proposal 2: Physical-layer SR signal design supports carrying BSR information.
Observation 8: For piggybacked SR with HARQ-ACK, carrying SR on/off by two orthogonal length-16 cover codes on ACK/NACK data symbols has small impact to HARQ-ACK performance and less standard impact to RAN4.
Observation 9: Carrying SR on/off by two orthogonal length-16 cover codes on ACK/NACK data symbols can be extended more easily in future, e.g. multiple-bits SR, for further power consumption reduction.
Observation 10: Dedicated SR signal based on NPRACH and in resources for NPDCCH ordered RACH can coexist naturally with existing NB-IoT UL transmissions.
Proposal 4: The signal design for physical layer SR is as follows:
· When transmitted with HARQ-ACK, SR on/off is carried by two orthogonal length-16 cover codes on ACK/NACK data symbols; and
· When transmitted without HARQ-ACK, SR is on/off is indicated by presence/absence of a NPRACH preamble in configured resources among those for NPDCCH-ordered RACH. BSR information is carried by the amount of delay time when sending SR.
Proposal 5: Periodic resource is used for dedicated SR transmission, configured by higher layers to UEs supporting physical layer SR.
Proposal 6: The resources for dedicated SR transmission are configurable according to coverage.
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[bookmark: _Ref488243896]Annex 
[bookmark: _Ref488243958]Table 3 Simulation assumption
	Channel model 
	TU

	Doppler spread 
	1 Hz

	Antenna configuration
	1Tx, 2Rx

	Timing error
	Randomly selected between [-2.6, 2.6]μs

	Frequency error
	Randomly selected between [-50, 50]Hz

	Frequency drift 
	±22.5 Hz/s

	Repetition number
	64

	Subcarrier bandwidth
	3.75 kHz
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