
3GPP TSG RAN WG1 Meeting #84bis                                                      R1-162757
Busan, Korea, 11th - 15th April 2016

Source:               ZTE

Title:                    Remaining Issues on NB-PDCCH Design of NB-IoT 
Agenda item:      7.2.1.1.1
Document for:    Discussion and Decision

1 Introduction
In RAN1 NB-IoT ad-hoc #2 meeting, the following agreements on downlink design were made [1]:
Agreement: 

· DL and UL scheduling delays are indicated in DCI

· number of delay values that can be signalled for the UL scheduling delay is less than the number of values for the DL 

· DCI content: 

· Number of repetitions of NB-PDCCH:

· 2 bits (except for CSS for paging)

· 3 bits for CSS for paging

· Scheduling delay between end of NB-PDCCH transmission and start of data transmission:

· 3 bits for NB-PDSCH (except for CSS for paging)

· 0 bits for paging

· 2 bits for NB-PUSCH

· Values are FFS. 

In this contribution, we discuss remaining issues on NB-PDCCH design of NB-IoT.
2 Value of scheduling delay
It was agreed that scheduling delay between end of NB-PDCCH transmission and start of NB-PDSCH (except for CSS for paging) transmission is indicated in DCI with 3 bits. DL scheduling delay can be directly indicated by 8 values of set k = {k1, k2, k3, k4, k5, k6, k7, k8} or calculated according to set k. Specifically, DL scheduling delay can be interpreted by the following two alternatives:

Alt 1: DL scheduling delay = 4 + k * R, where R is number of DCI repetitions and 3-bit k indicates set of {k1, k2, k3, k4, k5, k6, k7, k8} valid subframes. Alt 1 may cause larger DL scheduling delay for larger number of DCI repetitions while smaller DL scheduling delay for smaller number of DCI repetitions. Considering that large flexibility is not needed for DL scheduling delay, it is suggested that DL scheduling delay not depend on number of DCI repetitions.
Alt 2: DL scheduling delay can be directly indicated by 8 values of set k = {k1, k2, k3, k4, k5, k6, k7, k8}. Set k is calculated by two-level indication, where 2-bit Y1 indicates set of {k1, k2, k3, k4} valid subframes and 1-bit Y2 indicates additional offset of {0, ki/2} valid subframe(s). k4 can be configured by eNB and k3 = k4 / 2, k2 = k4 / 4 and k1 = k4 / 8. The potential value set of k is {4, 8, 16, 32, 64, 128, 256}. If k4 is equal to 32, 8 values of set k = {4, 6, 8, 12, 16, 24, 32, 48} can be used to indicate DL scheduling delay. No matter for small or large number of DCI repetitions, only single value set of scheduling delay is applied. Both smaller value and larger value are included in the value set to adapt to DL transmission with different granularity.
The minimum value of DL scheduling delay should be no less than 4 and the maximum value should be larger than maximum NPRB by number of repetitions for normal coverage.  For example, for NPRB = 10 and maximum number of repetitions = 4, the scheduling delay should be larger than 40. Further considering that number of repetitions is power of 2, it is suggested value of DL scheduling delay be multiple of 2 or power of 2. For example, value set of {4, 6, 8, 12, 16, 24, 32, 48} can be considered for DL scheduling delay.
Proposal 1: Value of DL scheduling delay does not depend on number of DCI repetitions. It is suggested value of DL scheduling delay be multiple of 2 or power of 2.
· 3-bit DL scheduling delay indicates value set of {4, 6, 8, 12, 16, 24, 32, 48} valid subframes.
UL scheduling delay between end of NB-PDCCH transmission and start of NB-PUSCH is indicated by 2 bits. 
Because scheduling is based on RU, we propose UL scheduling delay is also based on RU. Two choices exist for indication of scheduling delay:
· Alt 1: Continuous value
· Alt 2: Discrete value

For Alt 1, a set of continuous RUs can be configured as the NB-PUSCH starting position. For Alt 2, a set of discontinuous RUs are configured as the starting time position of NB-PUSCH. To indicate discrete value we can either directly indicate or in-directly indicate via 2 levels. For example, instead of using 2 bits to directly indicate the value we can use 1 bits to indicate among 2 different numbers of RUs and another 1 bits to indicate 2 extra offsets. In short, As Alt 2 can handle the blocking problem between UE and utilize UL resource more efficient, we propose to adopt Alt 2. For example, 2-bit UL scheduling delay indicates value set of {0, 1, 4, 5} RUs.
Proposal 2: Start subframe of PUSCH should be aligned with RU. UL scheduling delay is in unit of RU.
· 2-bit UL scheduling delay indicates value set of {0, 1, 4, 5} RUs.
3 DCI contents
Most of contents of DL grant and UL grant have been agreed as shown in Table A.1 and Table A.2. For DL grant, 4-bit “HARQ-ACK resource indication” filed is needed as descried in [2]. For UL grant, 2-bit TPC filed is required [3].
DCI size for RAR scheduling should be same as DCI Format N1. It would be distinguished by different RNTI. Fields of “New data indicator” and “HARQ-ACK resource indication” are not used for DCI format for RAR scheduling.  
For UL grant, DCI size for 3.75 kHz has 1-bit difference from size for 15 kHz. From the perspective of cost reduction, single DCI size for UL grant should be considered to avoid two different DCI sizes for 3.75 kHz and 15 kHz subcairrer spacing. One simple method is to use 1-bit padding for 15 kHz subcarrier spacing. But 1-bit waste would be introduced for UL grant, and additional 1-bit padding would be needed for DL grant. Another way is to use different size of UL scheduling delay for different subcarrier spacing. For example, 2-bit UL scheduling delay is used for 3.75 kHz subcarrier spacing case while 3-bit UL scheduling delay is used for 15 kHz subcarrier spacing.
Proposal 3: Single DCI size for UL grant should be used for 3.75 kHz and 15 kHz subcarrier spacing.

· For example, 2-bit and 3-bit UL scheduling delay can be considered for 3.75 kHz and 15 kHz subcarrier spacing.

4 Start subframe for search space
In order to reduce complexity of blind detection, 3-bit starting subframe for search space could reuse similar scheme in Rel-13 eMTC. For NB-PDCCH UE-specific search space, the starting subframes are given by 
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where T=Rmax*G, G is from {1, 2, 3, 4, 5, 8, 10, reserved} which is signalled by the higher layer RRC parameter.

Proposal 4: To reuse the way in Rel-13 eMTC to determine the starting subframe for search space.
5 Discontinuous transmission
DL discontinuous transmission was agreed as Working Assumption in RAN1 NB-IoT ad-hoc #2 meeting. Details of gap configuration have been discussed in email discussion [NB-IoT2-12].
For the value set of “Gap starting point periodicity” and “Gap size”, to solve the blocking issue of data transmission for UEs in normal coverage as much as possible, it is suggested that maximum of “Gap size” be configured more than half of “Gap starting point periodicity”. For example, 2 bits can be used to signal “Gap starting point periodicity” with value set of {8, 16, 32, 64}. 3 bits can be used to signal a set of “Gap size” values {4, 6, 8, 12, 16, 24, 32, 48}. During the email discussion, it was agreed that 
“At least one threshold X1 is defined, and correspondingly one gap configuration can be signaled for R_NPDCCH_max >= X1;

Decide till RAN1#84bis if a second threshold X2 is defined, and correspondingly a second gap configuration can be signaled for X1 > R_NPDCCH_max >= X2.”
If two sets of gap configurations are defined for different coverage enhancement levels to support nested gap structure, for example, data for UEs in medium coverage can be transmitted in the gap for extreme coverage. Much larger Gap size would be needed for extreme coverage case and the corresponding continuous transmission size would be larger which is not beneficial for solving the blocking issue. If larger Gap size is configured for a relative shorter periodicity, the transmission time would be too long for UEs in extreme coverage case. Considering that the intention of introducing gap is to solve the blocking issue to UEs in normal coverage. One set of Gap starting point periodicity and Gap size can be configured according to the number of NB-IoT UEs in normal coverage.
For a given UE, when NB-PDCCH/NB-PDSCH repetitions are overlapping with a DL gap, UE may assume that the NB-PDCCH/NB-PDSCH repetitions are postponed to the next valid DL subframe.
Proposal 5: Confirm the working assumption of DL discontinuous transmission.
· 2 bits are used to signal “Gap starting point periodicity” with {8, 16, 32, 64} absolute subframes.

· 3 bits are used to signal “Gap size” with {4, 6, 8, 12, 16, 24, 32, 48} absolute subframes.
Proposal 6: One threshold X1 is defined, and one gap configuration is signaled for R_NPDCCH_max >= X1.

6 Conclusions

In this contribution, considerations on remaining issues of NB-PDCCH have been discussed. We make the following proposals:
Proposal 1: Value of DL scheduling delay does not depend on number of DCI repetitions. It is suggested value of DL scheduling delay be multiple of 2 or power of 2.
· 3-bit DL scheduling delay indicates value set of {4, 6, 8, 12, 16, 24, 32, 48} valid subframes.

Proposal 2: Start subframe of PUSCH should be aligned with RU.UL scheduling delay is in unit of RU.
· 2-bit UL scheduling delay indicates value set of {0, 1, 4, 5} RUs.

Proposal 3: Single DCI size for UL grant should be used for 3.75 kHz and 15 kHz subcarrier spacing.

· For example, 2-bit and 3-bit UL scheduling delay can be considered for 3.75 kHz and 15 kHz subcarrier spacing.

.

Proposal 4: To reuse the way in Rel-13 eMTC to determine the starting subframe for search space.
Proposal 5: Confirm the working assumption of DL discontinuous transmission.
· 2 bits are used to signal “Gap starting point periodicity” with {8, 16, 32, 64} absolute subframes.

· 3 bits are used to signal “Gap size” with {4, 6, 8, 12, 16, 24, 32, 48} absolute subframes.
Proposal 6: One threshold X1 is defined, and one gap configuration is signaled for R_NPDCCH_max >= X1.
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Appendix

Table A.1 DCI Format N1 
	Bit field
	Number of bits

	Flag format N0/format N1 differentiation  
	1

	DL scheduling delay
	3

	Number of resource units
	3

	Modulation and coding scheme
	4

	Repetition number
	4

	New data indicator
	1 

	HARQ-ACK resource indication
	4 

	DCI subframe repetition number
	2

	CRC
	16

	Total
	38


Table A.2 DCI Format N0
	Bit field
	Number of bits

	Flag format N0/format N1 differentiation 
	1

	Sub-carriers indication
	5 or 6

	UL scheduling delay
	2

	Number of resource units
	3

	Modulation and coding scheme
	4

	RV
	1

	Repetition number
	4

	TPC for PUSCH
	2

	New data indicator
	1

	DCI subframe repetition number
	2

	CRC
	16

	Total
	41 or 42
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