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1 Introduction

At the last RAN1 #84 meeting, the following has been agreed for the NB-PDSCH. 
	· Error detection through 24-bit Cyclic Redundancy Check (CRC) for NB-PDSCH follows Section 5.3.2.1 in TS 36.212

· Note that it does not have impact on the discussion of potential support of data over physical control channel

· Clarify that the Tail biting convolutional encoding  agreed for NB-PDSCH is according to section 5.1.3.1 in TS 36.212

· 16QAM is not supported for NB-PDSCH

· The maximum TBS for NB-PDSCH is 680 bits

· Redundancy versions (RVs) for NB-PDSCH are not supported

· Note that the number(s) of subframes that a TB can be mapped onto for NB-PDSCH is FFS

· Sub-PRB allocations of the NB-PDSCH are not supported

· In in-band FDD operation, NB-PBCH and NB-PSS/NB-SSS is not located in a RB that contains LTE PBCH/PSS/SSS.

· NB-PDSCH for paging is always scheduled by a control channel

· Multiple NB-IoT carriers for the in-band, guard-band and standalone deployments

· The UE in RRC_IDLE camps on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions

· The UE in RRC_CONNECTED can be configured, via UE-specific RRC signaling, to a PRB, for all unicast transmissions (not intended to excluding SC-PTM, if supported), different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions

· If the different PRB is not configured for the UE, all transmissions occur on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· The UE is not expected to receive NB-PBCH, and NB-PSS/SSS and any transmissions other than unicast transmissions in the configured PRB



Hence, some of the remaining details of the NB-PDSCH design pertain to the rate matching, RE mapping, and scrambling as well as the MCS/TBS design for the NB-PDSCH and are addressed in this contribution. Remaining details for NB-IoT multi-carrier operation can be found in our companion contribution in [1].
2 Remaining details of NB-PDSCH design
Figure 1 shows the processing diagram for the NB-IoT Physical Downlink Shared Channel (NB-PDSCH). 
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Figure 1: Block diagram of the NB-PDSCH channel processing
Most of the details for the individual processing blocks have already been agreed. However, some details pertaining to the scrambling, rate matching, and RE mapping are still open. The RE mapping can simply follow a frequency-first, time second mapping and for the scrambling, most details have been agreed via email discussion following RAN1 #84 as evident from the following agreements:

· The scrambling sequence for NB-PDSCH is according to Section 7.2 of TS 36.211

· If the codeword is mapped to more than one subframe, the scrambling sequence generator is initialized at the start of each codeword and at the start of each repetition cycle

· A repetition cycle is defined as the basic unit in which a full codeword is repeated

· If the codeword is mapped to a single subframe, the scrambling sequence initialization is FFS

· The initialization value cinit is according to Section 6.3.1 of TS 36.211 for the LTE PDSCH

· FFS: cinit also depends on the radio frame number and/or repetition number in case scheduling window is agreed

· Note: support of symbol level combining is not precluded

In our view, the case where a codeword is mapped to a single subframe does not warrant special treatment. If a codeword is mapped to a single subframe, the scrambling sequence generator is consequently also initialized at the start of each subframe. Similarly, we think the current initialization of the scrambling sequence generator is sufficient and an additional dependence on the radio frame number and/or repetition number is not needed. 

Proposal 1: The NB-PDSCH RE mapping is frequency-first, time second.

Proposal 2: If a codeword is mapped to a single subframe, the scrambling sequence generator is initialized at the start of each subframe.
Proposal 3: An additional dependence of the initialization value cinit of the scrambling sequence generator on the radio frame number and/or repetition number is not needed.

As mentioned above, a NB-PDSCH can be mapped to multiple subframes. The exact number of subframes that a codeword can be mapped to is still under discussion. In our view, a simple design using powers of 2 is desirable. Hence, we propose that a NB-PDSCH codeword can be mapped to {1,2,4,8} subframes. Two bits in the DL DCI indicate the number of subframes to which the NB-PDSCH is rate matched [2].
Proposal 4: A NB-PDSCH codeword can be mapped to {1,2,4,8} subframes. Two bits in the DL DCI indicate the number of subframes to which the NB-PDSCH is rate matched.
In addition, the DCI indicates the number of NB-PDSCH repetitions [2], i.e., how often the codeword is repeated during valid downlink subframes. Repetition can be “HARQ-like,” e.g., if the codeword is mapped to N DL subframes, a first copy is sent over the first N valid DL subframes, a second copy is sent over the second N valid DL subframes, and so forth. 
Proposal 5: the DCI indicates the number of NB-PDSCH repetitions [2], i.e., how often the codeword is repeated during valid downlink subframes. Repetition can be “HARQ-like,” e.g., if the codeword is mapped to N DL subframes, a first copy is sent over the first N valid DL subframes, a second copy is sent over the second N valid DL subframes, and so forth.

It has been proposed by some companies that data could be transmitted over the physical control channel. At this late stage of the work item and without a mandate to do so, we don’t think such enhancements are needed.
Proposal 6: Data transmission over the physical control channel is not supported. 
3 MCS/TBS design for NB-PDSCH
Our preference is to base the the MCS/TBS design for the NB-PDSCH on legacy MCS/TBS tables as much as possible. As discussed above, a NB-PDSCH codeword can be mapped to {1,2,4,8} subframes. Hence, the TBS table for NB-IoT can re-use the entries for {1,2,4,8} PRBs in Table 7.1.7.1-1 of TS 36.213 [3]. MCS indices 0 to 9 correspond to QPSK modulation, however, it may be desirable to reduce the number of entries to 8 such that 3 bits in the DCI suffice for MCS indication. In other words, two of the rows in Table 1 could be removed. In addition, the TBS table need not be optimized for VoIP and such values can be replaced with other ones from elsewhere in the table. For instance, MCS 6 with one PRB could be replaced with MCS 0 and four PRBs. Table 1 below takes all of this into account as well as the agreed maximum transport block size of 680.
Table 1: Transport block size table for NB-IoT
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	1
	2
	4
	8

	0
	16
	32
	88
	208

	1
	24
	56
	144
	256

	2
	32
	72
	176
	328

	3
	40
	104
	208
	440

	4
	56
	120
	256
	552

	5
	72
	144
	328
	680

	6
	88
	176
	392
	

	7
	104
	224
	472
	

	8
	120
	256
	536
	

	9
	136
	296
	616
	


Proposal 7: The TBS table for NB-IoT can re-use the entries for {1,2,4,8} PRBs in Table 7.1.7.1-1 of TS 36.213
Proposal 8: It may be desirable to reduce the number of MCS entries to 8 such that 3 bits in the DCI suffice for MCS indication.
4 Conclusion

This contribution discussed the remaining details of the NB-PDSCH design pertaining to the rate matching, RE mapping, and scrambling as well as the MCS/TBS design for the NB-PDSCH. We made the following proposals towards the finalization of the NB-PDSCH design. 
Proposal 1: The NB-PDSCH RE mapping is frequency-first, time second.

Proposal 2: If a codeword is mapped to a single subframe, the scrambling sequence generator is initialized at the start of each subframe.

Proposal 3: An additional dependence of the initialization value cinit of the scrambling sequence generator on the radio frame number and/or repetition number is not needed.

Proposal 4: A NB-PDSCH codeword can be mapped to {1,2,4,8} subframes. Two bits in the DL DCI indicate the number of subframes to which the NB-PDSCH is rate matched.

Proposal 5: the DCI indicates the number of NB-PDSCH repetitions [2], i.e., how often the codeword is repeated during valid downlink subframes. Repetition can be “HARQ-like,” e.g., if the codeword is mapped to N DL subframes, a first copy is sent over the first N valid DL subframes, a second copy is sent over the second N valid DL subframes, and so forth.

Proposal 6: Data transmission over the physical control channel is not supported. 

Proposal 7: The TBS table for NB-IoT can re-use the entries for {1,2,4,8} PRBs in Table 7.1.7.1-1 of TS 36.213

Proposal 8: It may be desirable to reduce the number of MCS entries to 8 such that 3 bits in the DCI suffice for MCS indication.
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