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1 Introduction

In RAN#69, a WI on NarrowBand Internet of Things (NB-IoT) [1] has been approved. According to the WID, NB-IoT should support 3 different modes of operation, stand-alone operation, guard band operation, and in-band operation. 
In the last meeting, some agreements and working assumptions are made for NB-PDCCH and DCI format/contents as follows [2].

	Agreements:
· Confirm the working assumptions

· The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space

· The start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment
Qualcomm has concerns that this agreement will put a limitation for the achievable peak rate and impact to UE power consumption

Telecom Italia confirms that the achievable peak rate is in line with the current WID requirement and the impact on UE power consumption is negligible

Agreement:

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. 

Agreement:

Start of PDCCH search space: 

· Signalled by RRC with 3 bits for each search space except for CSS for paging

Agreements:
· The set of options for the max number of repetitions in an NB-PDCCH search space is the same for all search spaces

· Rmax is from: {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}
Agreements:
· 5 bits in UL grant are used to jointly indicate the subcarrier number and starting subcarrier for NB-PUSCH transmission with 15 kHz subcarrier spacing. The total number of valid NB-PUSCH allocations for {12, 6, 3, 1} tone transmission formats and 15 kHz numerology is the sum of
1. One allocation of all 12 tones: {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12}

2. Two non-overlapping allocations of 6 tones: {0, 1, 2, 3, 4, 5} and {6, 7, 8, 9, 10, 11}

3. Four non-overlapping allocations of 3 tones: {0, 1, 2}, {3, 4, 5}, {6, 7, 8} and {9, 10, 11}

4. Twelve non-overlapping single-tone allocations: {0}, {1}, {2}, {3}, {4}, {5}, {6}, {7}, {8}, {9}, {10}, {11} and {12}

6 bits in UL grant are used to indicate the subcarrier index for NB-PUSCH transmission with 3.75 kHz subcarrier spacing (48 non-overlapping single-tone allocations).


This contribution, we provide our views on remaining issues for NB-PDCCH.
2 Starting subframe of NB-PDCCH search space
In the last meeting, it was agreed that the start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space and the starting point of NB-PDCCH search space is signaled by RRC with 3 bits [2]. 
Using this UE specific starting subframe configuration, NB-PDCCH search space among UEs can be TDMed. To allow TDM among UEs, RRC configuration can indicate period and offset of starting subframe of search space. Also, since the duration of a search space depends on coverage enhancement level, the value of period/offset can be determined based on Rmax (i.e., the maximum repetition number of NB-PDCCH). For example, similar to eMTC, the period of search space can be derived by Rmax*G where G is configured by RRC signal.
Proposal 1: The period and offset of starting subframe of NB-PDCCH search space is derived from Rmax and an index configured by RRC.
3 NB-PDCCH and NB-PDSCH/NB-PUSCH timing
Subframe gap between end of NB-PDCCH transmission and start of data transmission is configured by DCI for NB-PDSCH and NB-PUSCH [2] where the minimum gap size is 4msec.

To determine the possible starting subframe positions of NB-PDSCH, we need to consider following cases.
· Case 1: When the starting subframe location of NB-PDSCH is within the search space, the transmission of other NB-PDCCH(s) between scheduling NB-PDCCH and scheduled NB-PDSCH should be allowed. To make it efficient, the period of possible starting subframe of NB-PDSCH could be Rmax/8 or multiple of Rmax/8 where Rmax is the maximum repetition number of NB-PDCCH.
· Case 2: When the starting subframe location of NB-PDSCH is after the search space, the TDM of multiple NB-PDSCHs should be considered. Then, it is natural to make the period of possible starting subframe of NB-PDSCH becomes D or multiple of Dmin where D is the repetition number of NB-PDSCH and Dmin is the minimum repetition number of NB-PDSCH which can be configured by DCI.
As a result, the possible starting location of NB-PDSCH can be composed by values considering to two periods, one is the minimum repetition number of NB-PDCCH and the other one is the (minimum) repetition number of NB-PDSCH. For example, as shown in Figure 1 and Table 1, some former values can have the period of Rmax/8 and the latter values can have the period of D. 
Proposal 2: The intervals of possible NB-PDSCH starting subframes are related to Rmax/8 and/or D (or Dmin).
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Figure 1. An example of possible starting subframe locations of NB-PDSCH
	DCI field value
	0
	1
	2
	3
	4
	5
	6
	7

	Gap between PDCCH and PDSCH
	4
	4+Rmax/8
	4+Rmax/8*2
	4+Rmax/8*3
	4+Rmax/8*3+D
	4+Rmax/8*3+D*2
	4+Rmax/8*3+D*3
	4+Rmax/8*3+D*4


Table 1. An example of possible starting subframe locations of NB-PDSCH
On the other hand, the set of possible NB-PDSCH starting subframes needs to be composed differently depending on the last subframe location of NB-PDCCH. As depicted in Figure 2. If the last subframe of NB-PDCCH transmission (= k) within the search space has small value, almost of NB-PDSCH starting subframes can be associated with Case 1. However, for large value of k, the number of NB-PDSCH starting subframes in Case 2 could be increased. Overall, when a NB-PDSCH starting location is indicated by DCI from a set of possible NB-PDSCH starting locations, the composition of the set can depend on the NB-PDCCH last subframe location within the search space. An example of indicated gap size between NB-PDCCH and NB-PDSCH depending on NB-PDCCH last subframe location is shown in Table 2.
Proposal 3: The set of possible gap between NB-PDCCH and NB-PDSCH depends on the last subframe location of NB-PDCCH.
[image: image2.emf]D

k = Rmax/8

The ending of NB-PDCCH

Rmax/8

Possible starting positions of NB-PDSCH

k = Rmax/8*2

k = Rmax/8*3

k = Rmax/8*4

k = Rmax/8*5

k = Rmax/8*6

k = Rmax/8*7

k = Rmax/8*8


Figure 2. An example of possible starting subframe locations of NB-PDSCH depending on the last subframe of NB-PDCCH
	DCI field value
	0
	1
	2
	3
	4
	5
	6
	7

	PDCCH ending subframe
	Rmax/8
	4
	4+Rmax/8
	4+Rmax/8*2
	4+Rmax/8*3
	4+Rmax/8*4
	4+Rmax/8*5
	4+Rmax/8*6
	4+Rmax/8*7

	
	Rmax/8*2
	4
	4+Rmax/8
	4+Rmax/8*2
	4+Rmax/8*3
	4+Rmax/8*4
	4+Rmax/8*5
	4+Rmax/8*6
	4+Rmax/8*6+D

	
	Rmax/8*3
	4
	4+Rmax/8
	4+Rmax/8*2
	4+Rmax/8*3
	4+Rmax/8*4
	4+Rmax/8*5
	4+Rmax/8*5+D
	4+Rmax/8*5+D*2

	
	Rmax/8*4
	4
	4+Rmax/8
	4+Rmax/8*2
	4+Rmax/8*3
	4+Rmax/8*4
	4+Rmax/8*4+D
	4+Rmax/8*4+D*2
	4+Rmax/8*4+D*3

	
	Rmax/8*5
	4
	4+Rmax/8
	4+Rmax/8*2
	4+Rmax/8*3
	4+Rmax/8*3+D
	4+Rmax/8*3+D*2
	4+Rmax/8*3+D*3
	4+Rmax/8*3+D*4

	
	Rmax/8*6
	4
	4+Rmax/8
	4+Rmax/8*2
	4+Rmax/8*2+D
	4+Rmax/8*2+D*2
	4+Rmax/8*2+D*3
	4+Rmax/8*2+D*4
	4+Rmax/8*2+D*5

	
	Rmax/8*7
	4
	4+Rmax/8
	4+Rmax/8+D
	4+Rmax/8+D*2
	4+Rmax/8+D*3
	4+Rmax/8+D*4
	4+Rmax/8+D*5
	4+Rmax/8+D*6

	
	Rmax/8*8
	4
	4+D
	4+D*2
	4+D*3
	4+D*4
	4+D*5
	4+D*6
	4+D*7


Table 2. An example of possible starting subframe locations of NB-PDSCH depending on the last subframe of NB-PDCCH
For the gap indication between NB-PDCCH and NB-PUSCH, the period of the possible starting locations of NB-PUSCH can be related to Rmax or NB-PUSCH repetition number.
4 TPC for PUSCH
Uplink power control for NB-IoT UEs in good coverage seems necessary to solve near-far problem among UEs and reduce interference to other signals. An option to transmit TPC command for PUSCH is to support DCI format 3/3A monitoring similar to eMTC. For TPC of PUSCH and PUCCH, Rel-13 eMTC UE configured monitors DCI format 3/3A for TPC in Type0-MPDCCH common search space if configured with CE mode A.

If DCI format 3/3A is supported, UE can monitor DCI format 3/3A in USS. In other words, there can be no different between USS and CSS for DCI format 3/3A monitoring.
Since UEs require high coverage enhancement will transmit PUSCH with the maximum transmission power, these UEs are not necessary to monitor DCI format 3/3A. Under the assumption that the concept of CE mode is not used to NB-IoT UEs, a UE can determine whether to monitor DCI format 3/3A or not as follows. 
· Option 1: PRACH CE level determines whether to monitor DCI format 3/3A or not. If CE level of the recent PRACH transmission is high, a UE does not monitor DCI format 3/3A.
· Option 2: DCI format 3/3A monitoring depends on PUSCH/PUCCH repetition number. If the maximum PUSCH repetition number is large enough, a UE does not monitor DCI format 3/3A for PUSCH. Also, if the number of PUCCH repetition has large value, a UE does not monitor DCI format 3/3A for PUCCH TPC.
If DCI format 3/3A is not supported for NB-IoT UEs, PUSCH TPC command can be delivered by DCI for DL/UL data scheduling only. TPC command for PUSCH (and ACK/NACK) also can be transmitted by DCI for data scheduling. Since DCI format for DL data scheduling would have smaller size than DCI format for UL data scheduling, TPC command for PUSCH field can exist in DL grant only.
Proposal 4: Discuss about support of DCI format 3/3A for NB-IoT.
Proposal 5: Consider to include TPC command field to DCI format for DL grant.
5 Conclusion 

In this contribution, we discussed some remaining issues on NB-PDCCH. Based on discussion, we obtained following proposals.
Proposal 1: The period and offset of starting subframe of NB-PDCCH search space is derived from Rmax and an index configured by RRC.

Proposal 2: The intervals of possible NB-PDSCH starting subframes are related to Rmax/8 and/or D (or Dmin).
Proposal 3: The set of possible gap between NB-PDCCH and NB-PDSCH depends on the last subframe location of NB-PDCCH.
Proposal 4: Discuss about support of DCI format 3/3A for NB-IoT.

Proposal 5: Consider to include TPC command field to DCI format for DL grant.
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