3GPP TSG RAN WG1 Meeting #87	R1-1611150
Reno, USA, November 14-18, 2016

Agenda Item:	6.2.9.2
Source:	Huawei, HiSilicon
Title:	NPDCCH search space and DCI formats for multicast in NB-IoT
Document for:	Discussion and decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For NB-IoT in Rel-14, SC-PTM is to be extended to support multicast services for e.g. software updates [1]. From RAN2’s perspective, the following agreements were approved in RAN2#95 and RAN2#95bis meetings:
· RAN2 assumes that the legacy SC-MTCH mechanism in which the SC-MTCH is scheduled by PDCCH is reused for multi-cast in NB-IoT and MTC to achieve flexible scheduling.
· SC-MCCH for feMTC and NB-IoT is scheduled dynamically. 

And the following was agreed from RAN1’s perspective:
· Transmission of a given SC-MCCH is restricted to one NB-IoT carrier
· Transmission of a given SC-MTCH is restricted to one NB-IoT carrier
· Different SC-MTCHs can be transmitted over different NB-IoT carriers, while one SC-MTCH is sent on one NB-IoT carrier
· For the search space scheduling SC-MCCH (called Type1-MSS for RAN1 purposes)
· UE monitoring of blind decoding candidates is based on FFS: Type1-CSS or Type2-CSS
· α, Rmax, and G values for Type1-MSS are configured per SC-MCCH by higher layers
· For the search space scheduling SC-MTCH (called Type2-MSS for RAN1 purposes)
· UE monitoring of blind decoding candidates is based on FFS: Type1-CSS or Type2-CSS
· α, Rmax, and G values for Type2-MSS are configured per SC-MTCH in SC-MCCH
· UE is not required to simultaneously monitor Type1-MSS and Type2-MSS
· UE is not required to monitor Type2-MSS while receiving NPDSCH carrying SC-MTCH

[bookmark: OLE_LINK1]This contribution provides further detailed design on search space of NB-IoT SC-PTM and gives the considerations on the DCI format used for scheduling SC-MCCH and SC-MTCH. 

Search space in NB-IoT multicast
It was already agreed in RAN1#86bis that two search spaces, Type1-MSS and Type2-MSS, are introduced for scheduling SC-MCCH and SC-MTCH. It was also agreed that αoffset, Rmax, and G values for Type1-MSS are configured per SC-MCCH in higher layer and αoffset, Rmax, and G values for Type2-MSS are configured per SC-MTCH in SC-MCCH.
[image: ]
Figure 1 an example of search space design for NB-IoT multicast
An example was shown in Figure 1 to illustrate the current search space design based on the agreements. It is still FFS on the UE monitoring behavior of blind decoding candidates in Type1-MSS and Type2-MSS.
One alternative is to reuse the principle of Type1-CSS for blind decoding candidates in Type1-MSS and Type2-MSS, i.e. one candidate is monitored for each number of repetitions in the search space, and the candidates all start at the start of the search space. The benefit of this alternative is low power consumption and complexity of UE blind detection due to the fact that only candidates starting from subframe k0 need to be detected.  The design of Type1-CSS is such that because there is no need to detect the start subframe of NPDCCH candidates, and more numbers of repetitions can be detected by UE compared to Type2-CSS. This is quite beneficial for SC-PTM traffic considering finer granularity on coverage adaptation would significantly optimize the resource usage efficiency.
The other alternative is to reuse the principle of Type2-CSS for blind decoding candidates. In this case more blind decoding candidates will be searched and hence it provides better flexibility on DCI transmission, which can be in an NPDCCH candidate starting from a subframe other than k0. On the other hand, it may tend to have higher overall UE power consumption and complexity, since the blind decoding of NPDCCH is one of the more intensive operations the UE undertakes. 
Considering that αoffset, Rmax, and G are already agreed to be configurable regardless of the selected monitoring behavior, we can already be sure of more scheduling flexibility than with the basic Type1-CSS, then it is generally advantageous for NB-IoT to pursue the lower UE power consumption and complexity option. Thus we propose to reuse the principle of Type1-CSS for blind decoding candidates in Type1-MSS and Type2-MSS.
Proposal 1: For Type1-MSS and Type2-MSS, the blind decoding candidates are the same as Type1-CSS:
· One candidate is monitored for each number of repetitions in the search space, and the candidates all start at the start of the search space.

Regarding the configuration of Type1-MSS and Type2-MSS, it has already been agreed that αoffset, Rmax, and G values should be configured for Type1-MSS and Type2-MSS. The value range for αoffset, Rmax, and G values of Type1-MSS and Type2-MSS should be informed to RAN2. 
A list of possible range for αoffset, Rmax, and G parameters are proposed in Table 1 and Table 2, in which the value range is based on that in Rel-13 for user search space. Some of the values, e.g. G=1.5, 2, are removed from the parameter value range for Type1-MSS and Type2-MSS because these configurations would be almost not used for NB-IoT SC-PTM. Instead, G=128, 256 are added since a larger scheduling period would be needed for SC-PTM to decrease the impact on unicast and deal with the situation of multiple SC-PTM sessions transmitted simultaneously .  
The αoffset of SC-MCCH is mainly for the flexibility of the SC-MCCH scheduling, so it is better to use {0,1/4,1/2,3/4} than {0,1/8,1/4,3/8}. The αoffset of SC-MTCH is also for the collision handling among different SC-MTCHs, so it should at least include the values of {0,1/8,1/4,3/8} since SC-MTCHs may have different values of G*Rmax, as in Type2-CSS. It is also possible that multiple SC-MTCHs have the same G*Rmax, so to better allow collision avoidance between them, the αoffset values set should be extended to {0,1/8,1/4,3/8,1/2,5/8,3/4,7/8}.
Table 1: Value range of parameters for Type1-MSS
	Parameter name
	Value range

	Rmax
	{1,2,4,8,16,32,64,128,256,512,1024,2048}

	G
	{1.5, 2, 4,8,16,32,48,64,128,256}

	αoffset
	{0,1/8,1/4,3/8,1/2,5/8,3/4,7/8}



Table 2: Value range of parameters for Type2-MSS
	Parameter name
	Value range

	Rmax
	{1,2,4,8,16,32,64,128,256,512,1024,2048}

	G
	{1.5,2,4,8,16,32,48,64,128,256}

	αoffset
	{0,1/4,1/2,3/4}




Proposal 2: Agree the value ranges of αoffset, Rmax, and G for configuration of Type1-MSS in Table 1 and for configuration of Type2-MSS in Table 2.

DCI format
There are differences for scheduling a NPDSCH of SC-MCCH/SC-MTCH from scheduling a NPDSCH of unicast traffic, e.g. the HARQ feedback is not needed in multicast. Hence, some of the fields in legacy DCI formats may be removed and some may need reinterpretation. Some of the functionality of SC-PTM has not been determined yet. Hence, it would be also possible to introduce some new field in the DCI that schedules SC-MCCH/SC-MTCH. In this section, some essential fields are discussed based on the current fields in legacy DCI format design. Some new fields are also briefly discussed.
It was agreed that the maximum TB size is increased in Rel-14 NB-IoT [2]. It is beneficial to have this larger TB size in SC-PTM also due to reduced need for segmentation of larger SC-PTM messages.
Proposal 3: NB-IoT SC-PTM supports the same increased maximum TBS as Rel-14 unicast.
Two HARQ processes are also discussed in Rel-14 as one way to increase the data rate for unicast service, especially for the UEs in good coverage. However, this is different for multicast service. Multicast service usually needs to cover all UEs in the system, and usually needs large number of repetitions to cover all UEs in the system. Hence, it does not have attractive increment on the data rate for multicast service by using 2 HARQ processes. To keep the simplicity of DCI detection and search space design, it is proposed to assume single HARQ process for Rel-14 NB-IoT SC-PTM design.
Proposal 4: Use single HARQ process for NB-IoT SC-PTM.
Resource assignment field
Although the maximum TB size is increased in downlink in Rel-14, it was also agreed that the same values of NSF and NRU and ITBS are used as in Rel-13. Hence, the resource assignment field (ISF) indicated in DCI can be kept the same as in Rel-13, i.e. 3 bits resource assignment field is used in the new format for scheduling SC-MCCH and SC-MTCH.
Modulation and coding scheme
Similar as resource assignment field, the MCS field, which indicates ITBS, can be kept as 3 bits as in formats N1 and N2. The mapping from (ISF, ITBS) to the TBS can align with the conclusion of increased TBS topic in Rel-14.
Repetition number
The repetition number field can be kept as 4 bits as in Rel-13.
DCI subframe repetition number
The DCI subframe repetition number should be also indicated in the DCI for scheduling NPDSCH. As analyzed in search space design, finer granularity of repetition numbers, i.e. a larger number of supported Ri, is preferred for NB-IoT SC-PTM. Hence, the DCI subframe repetition number field in DCI format N2, i.e. 3 bits, is proposed to be reused in DCI that schedules SC-MCCH/SC-MTCH.
Scheduling delay field
Scheduling delay field is indicated in DCI format N1 for scheduling unicast traffic but no scheduling delay field is indicated in DCI format N2. This is considering the fact that it would be most cases that there is no paging message arrived and no SI change indication needs to be sent on paging occasions. Hence, it is not necessary to have very high flexibility on scheduling delay for paging transmission, and the scheduling delay was fixed to 4 ms for paging in Rel-13.
For scheduling SC-MTCH, there is usually data to be scheduled during the multicast duration. Hence it is important to have high flexibility of scheduling delay to dynamically multiplex the SC-MTCH traffic with other multicast or unicast traffic. Hence, it is proposed to support scheduling delay field in the DCI format for scheduling SC-MTCH. For scheduling SC-MCCH, it is similar that high flexibility of scheduling delay should be kept for scheduling SC-MCCH.
The scheduling delay field in DCI format N1 can be reused in the new DCI format for NB-IoT SC-PTM.
Other essential fields to support other mechanism in NB-IoT SC-PTM
Some other functionalities for NB-IoT SC-PTM are still under discussion, e.g. notification change mechanism and multi-stage repetition of SC-MTCH, etc. Some other fields may be introduced in DCIs for scheduling SC-MTCH and SC-MCCH.
In summary, all the essential fields in DCI format for scheduling SC-MCCH and SC-MTCH are summarized in Table 3.



Table 3 summary of essential fields in DCI format that schedules SC-MCCH/SC-MTCH
	Field
	Field size (bits)
	Functionality of the field

	Resource assignment
	3
	Indicate ISF  value. Reuse the same field in DCI format N1 and N2.

	Modulation and coding scheme
	4
	Indicate ITBS  value. Reuse the same field in DCI format N1 and N2.

	Repetition number
	4
	Indicate Irep value. Reuse the same field in DCI format N1 and N2.

	DCI subframe repetition number
	3
	Reuse the same field in DCI format N2.

	Scheduling delay field
	3
	Indicate Idelay value. Reuse the same field in DCI format N1.

	Other essential fields to support other mechanism in NB-IoT SC-PTM
	FFS
	Depends on the conclusion of NB-IoT SC-PTM discussions, e.g. notification change of SC-MCCH, multi-stage SC-MTCH repetitions etc.



The size of the DCI format listed in Table 3 is at least 17 bits. It is observed that the size of DCI format N1 supports maximum 23 information bits and DCI format N2 supports maximum 15 information bits (see the DCI format N1 and N2 in Appendix). Based on this observation, it is proposed to consider to reuse the size of DCI format N1 as baseline and use the bits for fields of Flag for format N0/format N1 differentiation, NPDCCH order indicator, NDI and HARQ-ACK resource for other purposes needed by SC-PTM or as reserved bits in the new DCI format used for scheduling SC-MCCH and SC-MTCH.
Proposal 5: Reuse the size of DCI format N1 as baseline for the DCI format of SC-MCCH and SC-MTCH:
· Reuse the fields  of Resource assignment, MCS, Repetition number, Scheduling delay field in DCI format N1;
· Increase the field of DCI subframe repetition number to 3bits, i.e. reuse the fields of DCI subframe repetition number in DCI format N2;
· Use the bits for fields of Flag for format N0/format N1 differentiation, NPDCCH order indicator, NDI and HARQ-ACK resource for other purposes needed by SC-PTM or as reserved.
[bookmark: _Ref129681832]Conclusions
In this paper, further detailed design on search space of NB-IoT SC-PTM is provided, and the according parameters are also proposed. Some considerations on the DCI format used for scheduling SC-MCCH and SC-MTCH are also given. Several proposals and observations have been made in this paper.
Proposal 1: For Type1-MSS and Type2-MSS, the blind decoding candidates are the same as Type1-CSS:
One candidate is monitored for each number of repetitions in the search space, and the candidates all start at the start of the search space.

Proposal 2: Agree the value ranges of αoffset, Rmax, and G for configuration of Type1-MSS in Table 1 and for configuration of Type2-MSS in Table 2.
Proposal 3: NB-IoT SC-PTM supports the same increased maximum TBS as Rel-14 unicast.
Proposal 4: Use single HARQ process for NB-IoT SC-PTM.
Proposal 5: Reuse the size of DCI format N1 as baseline for the DCI format of SC-MCCH and SC-MTCH:
· Reuse the fields  of Resource assignment, MCS, Repetition number, Scheduling delay field in DCI format N1;
· Increase the field of DCI subframe repetition number to 3bits, i.e. reuse the fields of DCI subframe repetition number in DCI format N2;
· Use the bits for fields of Flag for format N0/format N1 differentiation, NPDCCH order indicator, NDI and HARQ-ACK resource for other purposes needed by SC-PTM or as reserved.

Appendix
Table 4 DCI format N1 (for scheduling NPDSCH)
	Field name
	Field size (bits)
	Functionality of the field

	Flag for format N0/format N1 differentiation
	1
	1 bit, where value 0 indicates format N0 and value 1 indicates format N1

	NPDCCH order indicator
	1
	

	Scheduling delay
	3
	3 bits as defined in section 16.4.1 of TS 36.213

	Resource assignment
	3
	3 bits as defined in section 16.4.1.3 of TS 36.213

	Modulation and coding scheme
	4
	4 bits as defined in section 16.4.1.5 of TS 36.213

	Repetition number
	4
	4 bits as defined in section 16.4.1.3 of TS 36.213

	New data indicator
	1
	

	HARQ-ACK resource
	4
	4 bits as defined in section 16.4.2 of TS 36.213

	DCI subframe repetition number
	2
	2 bits as defined in section 16.6 in TS 36.213

	total
	23
	



Table 5 DCI format N2
	Field name
	Field size (bits)
	Functionality of the field

	Flag for paging/direct indication differentiation
	1
	1 bit, with value 0 for direct indication and value 1 for paging

	Resource assignment
	3
	3 bits as defined in section 16.4.1.3 of TS 36.213

	Modulation and coding scheme
	4
	4 bits as defined in section 16.4.1.5 of TS 36.213

	Repetition number
	4
	4 bits as defined in section 16.4.1.3 of TS 36.213

	DCI subframe repetition number
	3
	3 bits as defined in section 16.6 of TS 36.213

	total
	15
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