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The following were agreed in RAN1#84 (see [1]):
· 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
And the following were agreed in the post RAN1#84 email discussion on NB-PDSCH scrambling:
· 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 initialised 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 initialisation 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
This document provides some further design considerations for NB-PDSCH.
Scrambling
Scrambling sequence initialization for NB-PDSCH is still open for the case when the codeword is mapped to a single subframe. It is proposed to initialize the scrambling sequence every other NB-PDSCH subframe, to allow coherent combining at the receiver without compromising the interference randomization effect brought by scrambling.
Proposal 1: For NB-PDSCH, if the codeword is mapped to a single subframe, the scrambling sequence generator is initialized every other NB-PDSCH subframe.
MCS and TBS
Since QPSK and TBCC are both reused from LTE, the MCS table for NB-PDSCH can also reuse a subset of that in LTE, specifically the first ten rows of Table 7.1.7.1-1 of TS 36.213 [2]. Moreover, considering the measurement in NB-IoT is less accurate than that in LTE, the MCS table for NB-IoT can be further refined by only reusing the even MCS indices for QPSK modulation for LTE PDSCH. The MCS index can be comprised of 3 bits to indicate 5 MCS levels, leaving 3 more levels for future extension. Accordingly, the even TBS indices for QPSK modulation for LTE PDSCH are also reused, as shown in Table 1.
[bookmark: _Ref441849884]Table 1: Modulation and TBS index table for NB-PDSCH
	
MCS Index

	
Modulation Order

	
TBS Index


	0 (01)
	2
	0 (02)

	1 (21)
	2
	1 (22)

	2 (41)
	2
	2 (42)

	3 (61)
	2
	3 (62)

	4 (81)
	2
	4 (82)


Note 1: IMCS in Table 7.1.7.1-1 of TS 36.213.
Note 2: ITBS in Table 7.1.7.1-1 of TS 36.213.
Proposal 2: NB-PDSCH has a 3-bit MCS table reusing MCS indices 0, 2, 4, 6, and 8 from LTE PDSCH.
[bookmark: _Ref129681832]NB-PDSCH can also reuse the minimum scheduling unit of one PRB in LTE. Since only one PRB is available for NB-PDSCH transmission in frequency domain, the NB-PDSCH transmission with large TBS or low code rate has to spread across multiple subframes. Otherwise, the transport block needs to be segmented into lots of pieces at higher layers, which increases the overhead significantly. 
Proposal 3: Transmission of one transport block over multiple subframes is supported for NB-PDSCH.
Table 7.1.7.2.1-1 of TS 36.213 with ITBS=0, 2, 4, 6 and 8 are reused as the baseline of the TBS table for NB-PDSCH with ‘NPRB’ being replaced by ‘Nsubframe’, as shown in Table 2, below, with a restriction that the max TBS for NB-PDSCH is 680 bits. 
[bookmark: _Ref441742633]Table 2: Proposed TBS table for NB-PDSCH
	

	Nsubframe

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0 (01)
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256

	1 (21)
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424

	2 (41)
	56
	120
	208
	256
	328
	408
	488
	552
	632
	-

	3 (61)
	88
	176
	256
	392
	504
	600
	-
	-
	-
	-

	4 (81)
	120
	256
	392
	536
	680
	-
	-
	-
	-
	-

	

	Nsubframe

	
	11
	12
	13
	14
	15
	16
	-
	-
	-
	-

	0 (01)
	288
	328
	344
	376
	392
	424
	-
	-
	-
	-

	1 (21)
	472
	520
	568
	616
	648
	-
	-
	-
	-
	-


Note 1: ITBS in Table 7.1.7.2.1-1 of TS 36.213.
Proposal 4: NB-PDSCH reuses TBS indices 0, 2, 4, 6, and 8 from LTE PDSCH with the TBS limited to 680 bits and NPRB replaced by Nsubframe.
Repetitions
Repetitions are proposed to be applied at TTI level. 
The link level simulation results of NB-PDSCH for in-band operation are shown in Figure 1, with simulation assumptions shown in Annex A. It is seen that 256 repetitions are required to achieve 164 dB MCL. Allowing a typical 3 dB implementation margin, 512 repetitions are required to achieve 167 dB MCL. Furthermore, as agreed in RAN1#82bis, “if more than one PRB is used for NB-IoT, not more than 1 PRB is boosted by 6dB”. Hence if there is an additional configured PRB for unicast, it may not be able to enjoy power boosting due to the limitation of eNB total transmit power. Four times more repetitions are required for NB-PDCCHs on those PRBs to compensate the 6 dB loss in power boosting i.e., a maximum of 2048 repetitions is required for NB-PDSCH transmission. Hence the proposed options for the number of repetitions for NB-PDSCH are {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}.

[image: ]
[bookmark: _Ref445214934]Figure 1: Performance of NB-PDSCH for in-band operation

Proposal 5: For NB-PDSCH, repetitions are applied at TTI level.
Proposal 6: The number of repetitions for a NB-PDSCH transmission is selected from {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}.
Discontinuous transmission
To prevent the downlink PRB from being blocked during a long unicast NB-PDSCH transmission for a UE in extreme coverage areas, a unicast NB-PDSCH transmission can be split into multiple blocks with a configurable period, each block occupying a consecutive number of valid subframes. The period and the duration of each block (except the last one) can be denoted by Tperiod and Tblock, respectively. 
The set of options for Tperiod is proposed in Table 3. The overall eight options require 3 bits for signaling.
[bookmark: _Ref445140878]Table 3: Configuration of period for unicast NB-PDSCH discontinuous transmission
	Index of Tperiod
	0
	1
	2
	3
	4
	5
	6
	7

	Time (ms)
	20
	40
	80
	160
	320
	640
	1280
	2560


The set of options for Tblock can be expressed as

In the extreme case of Tblock = 1, the unicast NB-PDSCH transmission is continuous, i.e. discontinuous unicast NB-PDSCH transmission is disabled. A maximum of sixteen i values require 4 bits for signaling. The configuration of Tperiod and Tblock can be indicated to UE by UE specific dedicated RRC signaling, to avoid increasing DCI size. 
An example of unicast NB-PDSCH discontinuous transmission is shown in Figure 2.
[bookmark: _GoBack][image: ]
[bookmark: _Ref445743530]Figure 2: Example of unicast NB-PDSCH discontinuous transmission

Proposal 7: Discontinuous transmission is supported for unicast NB-PDSCH transmissions.
Proposal 8: The configuration of unicast NB-PDSCH discontinuous transmission can be indicated to the UE by dedicated RRC signaling.
Proposal 9: For unicast NB-PDSCH discontinuous transmission, the period (in ms) can be chosen from the set {20, 40, 80, 160, 320, 640, 1280, 2560}.
Proposal 10: For unicast NB-PDSCH discontinuous transmission, the duration (in ms) of each block (except the last one) can be defined as

Conclusions
In this contribution, a design for NB-PDSCH is described. The key design principles are summarized through the following proposals:
Proposal 1: For NB-PDSCH, if the codeword is mapped to a single subframe, the scrambling sequence generator is initialized every other NB-PDSCH subframe.
Proposal 2: NB-PDSCH has a 3-bit MCS table reusing MCS indices 0, 2, 4, 6, and 8 from LTE PDSCH.
Proposal 3: Transmission of one transport block over multiple subframes is supported for NB-PDSCH.
Proposal 4: NB-PDSCH reuses TBS indices 0, 2, 4, 6, and 8 from LTE PDSCH with the TBS limited to 680 bits and NPRB replaced by Nsubframe.
Proposal 5: For NB-PDSCH, repetitions are applied at TTI level.
Proposal 6: The number of repetitions for a NB-PDSCH transmission is selected from {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}.
Proposal 7: Discontinuous transmission is supported for unicast NB-PDSCH transmissions.
Proposal 8: The configuration of unicast NB-PDSCH discontinuous transmission can be indicated to the UE by dedicated RRC signaling.
Proposal 9: For unicast NB-PDSCH discontinuous transmission, the period (in ms) can be chosen from the set {20, 40, 80, 160, 320, 640, 1280, 2560}.
Proposal 10: For unicast NB-PDSCH discontinuous transmission, the duration (in ms) of each block (except the last one) can be defined as


[bookmark: _Ref124589665][bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref412961601][bookmark: _Ref409101664]References
[bookmark: _Ref438825364][bookmark: _Ref430599664][bookmark: _Ref437529360]Draft Report of 3GPP TSG RAN WG1 #84 v0.1.0, MCC Support.
[bookmark: _Ref438473046][bookmark: _Ref441672081][bookmark: _Ref441908265]3GPP TS 36.213, "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures".

Annex A [bookmark: _Ref438890703]Simulation assumptions

Table 4 Simulation assumptions
	Parameter
	Value

	Tx power
	35dBm

	Frequency band
	900 MHz

	Channel model
	TU

	Doppler spread
	1 Hz

	Interference/noise
	Sensitivity

	Antenna configuration
	eNB: 2T1R
UE: 1T1R

	Cyclic prefix
	Normal

	Timing uncertainty
	Randomly chosen from two values: -2.6 us and 2.6 us.

	CFO
	Randomly chosen from two values: -50 Hz and 50 Hz.
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