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1 Introduction
In RAN1 #84 meeting, the following agreements and working assumption 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 

· FFS the number of values and the sets of values. 
· CSS is defined for RAR (as well as paging)

· UE is not required to simultaneously monitor NB-PDCCH USS and CSS

· Max aggregation level for NB-PDCCH: 2

· Repetition is only applied in case AL=2

· For USS, UE only searches in its configured set of ALs and numbers of repetitions of PDCCH

· When AL = 2 is used, two NB-CCEs of the same UE are in the same subframe

· UE is not required to monitor more than:

· 3 NB-PDCCH blind decoding candidates in any subframe when there is no NB-PDCCH repetition, and 

· 4 NB-PDCCH blind decoding candidates in any subframe when there is NB-PDCCH repetition of any of the candidates in the subframe.
Working Assumption:
· The start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment.
· The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space.
In [84-06] NB-PDCCH search space e-mail discussion, the following agreements were made:
· For NB-PDCCH UE-specific search space: 
· UE monitors one of the following sets of {AL, #repetition, #blind decodes}: 
· {1, 1, 2}, {2, 1, 1}                                                                                for Rmax = 1 
· {1, 1, 2}, {2, 1, 1}, {2, 2, 1}                                                                for Rmax = 2 
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}                                                                for Rmax = 4 
· {2, Rmax /8, 1}, {2, Rmax /4, 1}, {2, Rmax /2, 1}, {2, Rmax, 1}      for Rmax >= 8 
· For an NB-PDCCH candidate with number of repetitions Ri, UE needs to blind decode every Ri valid subframes from the start of the search space to the end of the search space.
· The duration of a search space is Rmax valid subframes. 
· For NB-PDCCH common search space for RAR/Msg3 retransmission/Msg4:
· UE monitors one of the following sets of {AL, #repetition, #blind decodes}: 
· {2, 1, 1}                                                                                             for Rmax = 1
· {2, 1, 1}, {2, 2, 1}                                                                             for Rmax = 2 
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}                                                             for Rmax = 4 
· {2, Rmax /8, 1}, {2, Rmax /4, 1}, {2, Rmax /2, 1}, {2, Rmax, 1}   for Rmax >= 8
· For an NB-PDCCH candidate with number of repetitions Ri, UE needs to blind decode every Ri valid subframes from the start of the search space to the end of the search space.
In this contribution, we discuss remaining issues on NB-PDCCH design of NB-IoT.
2 DL scheduling delay
It was agreed that DL scheduling delays are indicated in DCI. In order to determine NB-PDSCH location, DL scheduling delay and resource assignment are needed. For enhanced coverage, additional information such as repetition number should also be carried in DCI.

DL scheduling delay can be defined the gap between the starting subframe of NB-PDSCH and the end subframe of NB-PDCCH, or the gap between the starting subframe of NB-PDSCH and the end subframe of search space. In our view, these two definitions are equivalent if the first definition does not carry DCI repetition number. In the second definition, NB-PDSCH starting subframe would be postponed with certain restricted values if Rmax for search space is large. The first definition is preferable. For indication of DL scheduling delay, continuous or discontinuous value may be used. Analysis is listed in Table 1 and k_max is the maximum DL scheduling delay.
Table 1 Indication of DL scheduling delay and number of resource fields
	Bit fields
	Continuous values (ms)

Such as {4, 5, 6, 7, 8,…}
	Discontinuous values (ms)

Such as {4, 8, 16, 32,…}

	DL scheduling delay
	· Need more overhead within k_max. 

· Any subframe within k_max can be scheduled as starting subframe.
	· Need less overhead within k_max.
· Not all subframes within k_max can be scheduled as starting subframe.


Any subframe can be scheduled as starting subframe if continuous values are used for DL scheduling delay. From the perspective of higher resource efficiency, continuous DL scheduling delay is more suitable for 1ms based resource unit. However, discontinuous DL scheduling delay has less overhead and the resource efficiency can be improved by scheduling multiple resource units and potential repetitions. 
When continuous values are used for indication of DL scheduling delay and number of resource units, joint coding could be considered within predefined cycle and type 2 resource allocation could be used. For example, 8bits can be used for indicating continuous DL scheduling delay and number of resource units within 32ms cycle. Considering resource assignment would be restricted in predefined cycle, joint coding is not preferable.
When discontinuous value is used for DL scheduling delay, two level indications could be considered. For example, 4~5 bits can be used and the first 2bits are used for indicating valid subframe among {k1, k2, k3, k4 } and the remaining 2~3 bits are used for indicating additional offset among {0, 1, 2, 3 } or {0, 1, 2, 3, 4, 5, 6, 7} valid subframe. Range of scheduling delay can be configured by eNB for k4, and other ki can be obtained implicitly such as k3 = k4/2, k2 = k4/4, k1 = k4/8. The set for k4 could be {32, 64, 128, 256} and minimum value of k1 is 4. Valid subframes are used for DL transmission especially for in-band operation mode, thus valid subframes are also used for DL scheduling delay to avoid invalid subframes. From the perspective of higher resource efficiency, similar value set like repetition number set for NB-PDCCH or NB-PDSCH can be used for DL scheduling delay, then DL transmission of other UEs can use subframes in the scheduling delay as shown in Figure 1. Larger intervals are used for the first level scheduling delay and the second level scheduling delay can adjust further. Range of scheduling delay could be semi-static configured by eNB according to coverage levels since number of repetition of DL transmission is much different for different coverage levels.
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Figure 1 Use of scheduling delay

Proposal 1: Valid subframes are used for indication of DL scheduling delay. DL scheduling delay could be indicated by two levels and range of scheduling delay could be configured.
3 DCI formats
For DL grant, DL scheduling delay is analyzed in section 2. Resource assignment fields could be 3~4 bits for indicating multiple RUs [2]. Details of HARQ-ACK resource indication are in [3]. Details of MCS for NB-PDSCH are in [2]. For UL grant, UL scheduling delay and resource assignment are analyzed in [4].  Details of MCS and RV for NB-PUSCH are in [5]. Zeros shall be appended to the format with less size until the payload sizes are equal for each other.
For DCI format N1 for DL grant, the following fields could be included as shown in Table 2.
Table 2 Downlink DCI format

	Bit field
	Number of bits

	Flag format N0/format N1 differentiation  
	1

	DL scheduling delay
	4~5

	Resource assignment
	3~4

	Modulation and coding scheme
	3 

	Repetition number
	3

	New data indicator
	1 

	HARQ-ACK resource indication
	4

	DCI subframe repetition number
	2

	CRC
	16

	Total
	37~39


For DCI format N0 for UL grant, the following fields could be included as shown in Table 3:
Table 3 Uplink DCI format
	Bit field
	Number of bits

	Flag format N0/format N1 differentiation 
	1

	UL scheduling delay and Resource assignment
	12

	Modulation and coding scheme and RV
	3

	Repetition number
	3

	TPC for PUSCH
	2

	New data indicator
	1

	DCI subframe repetition number
	2

	CRC
	16

	Total
	41


Proposal 2: DCL formats can be defined as shown in Table 2 and Table 3.
4 Remaining issues on Search Space
· CSS for Paging

The possible agreements are listed below according to CSS for paging e-mail discussion:
· For an NB-PDCCH candidate with number of repetitions Ri, UE needs to blind decode the first Ri valid subframes from the start of the search space.
· The duration of a search space is Rmax, paging valid subframes. 
· The parameter Rmax, paging is cell specific and broadcasted in NB-SIB. 
· The following CSS search space candidates are defined for the possible Rmax, paging values: 
                                      Rmax,paging  =>  CSS search space candidates 
                                                 [ 4096  =>  {2  16 64 256 512 1024 2048 4096}  ] 
                                                 [  2048 =>  {2  16 64 128 256 512 1024 2048} ]
                                                    1024 =>   {2  8 32 64 128 256 512 1024}
                                                      512 =>   {1 4 16 32 64 128 256 512} 
                                                      256 =>   {1 4  8  16 32 64 128 256}
                                                      128 =>   {1 2 4 8 16 32 64 128}
                                                        64 =>   {1 2 4 8 16 32 64}
                                                        32 =>   {1 2 4 8 16 32}
                                                        16 =>   {1 2 4 8 16} 
                                                      [  8 =>    {1  2  4 8} ] 
                                                      [  4 =>    {1  2  4 } ] 
                                                      [  2 =>    {1  2 } ]
                                                      [  1 =>    {1 } ]

Considering that “6 or 12 or 16 Rmax levels were suggested (one is indicated in NB-SIB) and 8 possible numbers of NB-PDCCH repetitions per Rmax level were considered”, all above values of Rmax, paging could be supported. If 8 values of Rmax, paging is agreed, we prefer to keep the smaller Rmax value such as 4, 8. Otherwise, the interval for paging occasion would be very large even when R=1.
Proposal 3: Considering that up to 16 Rmax, paging could be configured by NB-SIB, all the possible values of Rmax, paging from 1 to 4096 could be supported.
· Starting subframe for search space

In order to reduce complexity of blind detection, starting subframe for search space could be determined by period and offset configured by eNB similar to Rel-13 eMTC and minimum 4ms after last search space could be implemented by configuration. For example, Rmax configured by eNB is less than period.
Considering that subframes not used for one search space in a period could be used for other UEs, value for period could be integer multiple of Rmax and offset could be integer multiple of Rmax/8. An example with period = 2Rmax is shown in Figure 2.
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Figure 2 Example of starting subframe
Proposal 4: To reuse the way in Rel-13 eMTC to determine the starting subframe for search space. Period to determine starting subframe is integer multiple of Rmax and offset is integer multiple of Rmax/8.
5 Discontinuous transmission
· Reason for discontinuous transmission
To achieve maximum coupling loss of 164 dB coverage enhancement target, about 180~350 ms of repetition are expected for downlink control channel while about 1200~1890 ms of repetition would be needed for NB-PDSCH for in-band operation mode [6]. And about 18~105 ms of repetition are expected for downlink control channel while about 216~318 ms repetition would be needed for NB-PDSCH for standalone operation mode [6]. If resources are continuously occupied by NB-PDCCH and NB-PDSCH for a UE in enhanced coverage, two main problems would occur.

· Downlink control and traffic of other UEs may be blocked
· UL grant may be blocked

It has agreed that multiple NB-IoT carriers operation for NB-IoT is supported at least for in-band, guard-band operation modes. It is not clear whether the blocking issue can be effectively mitigated by multi-PRBs design. Furthermore, stand-alone scenario may only contain one PRB for NB-IoT operation. 

For NB-IoT with only one PRB bandwidth, if resources are continuously occupied by NB-PDCCH and NB-PDSCH for a UE in enhanced coverage, it would have more serious effect than eMTC. As shown in Figure 3, traffic of other UEs may be blocked in downlink while resources would be wasted in uplink if UL grant is blocked. 
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Figure 3 Example of continuous mapping of NB-PDCCH and PDSCH in enhanced coverage
To solve such blocking problem, mapping NB-PDCCH and PDSCH to discontinuous subframes would be helpful.
Proposal 5: Discontinuous transmission should be used for NB-PDCCH and NB-PDSCH consideration on solving the resource blocking issue.
· How to realize discontinuous transmission

Discontinuous transmission could be realized simply by configuring number of gaps and size of gaps could be obtained implicitly. NB-PDCCH gaps could be configured by RRC/SIB1, while NB-PDSCH gaps could be configured by DCI or RRC/SIB1. For example, using 2bits for indicating {0, 1, 3} number of gaps.
For example, discontinuous transmission is shown in Figure 4. When one gap is configured, gap is located between Rmax/2, and length of gap is equivalent to Rmax/2.When three gaps are configured, gaps are located between Rmax/4, and length of gap is equivalent to Rmax/4. Rmax is used for NB-PDCCH, while for NB-PDSCH, Rmax is the R indicated by DCI.
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Figure 4 Example of discontinuous transmission
Proposal 6: Discontinuous transmission could be realized simply by configuring number of gaps.
6 Conclusions

In this contribution, considerations on NB-PDCCH have been discussed. We make the following proposals:
Proposal 1: Valid subframes are used for DL scheduling delay indication. DL scheduling delay could be indicated by two levels and range of scheduling delay could be configured.
Proposal 2: DCL formats can be defined as shown in Table 2 and Table 3.
Proposal 3: Considering that up to 16 Rmax, paging would be configured by NBSIB, all the possible values of Rmax, paging from 1 to 4096 could be supported.
Proposal 4: To reuse the way in Rel-13 eMTC to determine the starting subframe for search space. Period to determine starting subframe is integer multiple of Rmax and offset is integer multiple of Rmax/8.
Proposal 5: Discontinuous transmission should be used for NB-PDCCH and NB-PDSCH consideration on solving the resource blocking issue.
Proposal 6: Discontinuous transmission could be realized simply by configuring number of gaps.
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