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1. Introduction
The NB-PDSCH design was extensively discussed at the last meeting in terms of NB-PDSCH processing, multiple-PRB operation and scheduling timing relationship. The following agreements are reached for each aspect. 
Agreement:

· 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

Agreement:

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
· Details for the location(s) of the different PRB are FFS 
· Particularly whether or not to allow in-band to guard-band and vice versa

· The UE is not expected to receive NB-PBCH, and NB-PSS/SSS and any transmissions other than unicast transmissions in the configured PRB 
Agreement: 

· DL and UL scheduling delays are indicated in DCI

In this contribution, we will focus discussion on the NB-PDSCH including the repetition scheme, remaining issues of scheduling timing and multiple PRB operation. Based on the discussion, our views will be revealed accordingly.  

2. NB-PDSCH repetition
At the last meeting, the maximum transmission block (TB) size for the NB-PDSCH was agreed as 680 bits considering SIB size. Furthermore, 16QAM is not supported for NB-IoT. In this case, using only 1 resource block (RB) to transmit one TB is unable to satisfy the maximum TBS requirement.  Therefore, scheduling one TB over multiple subframes would be necessary. Based on the LTE TBS table, 5 PRBs are required to accommodate the maximum TBS if supported highest MCS level is used. To simply the UE processing, the resource unit for TB mapping could be limited to {1, 2, 4, 8} subframes. 
Proposal 1: One TB can be scheduled over {1, 2, 4, 8} subframes 
When one TB is scheduled over multiple subframes and repetitions are applied to improve the coverage, the straightforward repetition scheme is to perform the repetitions TB by TB as shown in Fig.1. One TB is mapped to multiple consecutive valid subframes and then these subframes are repeated in time domain. In this repetition scheme, symbol level combing can’t be achieved and the combining gain by repetition can’t be fully utilized. 
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Figure 1 TB level repetition
To fully exploit the symbol combining gain, another repetition scheme is to perform the repetition subframe by subframe. As shown in Fig. 2, the same portion of TB is first repeated by a certain times. After the repetition of the same part of TB ends, subsequent part of TB will be repeated. However, the demerit of such simple subframe-level repetition is that it is difficult to enable early termination.
[image: image2.emf]Rep.  of 1st part   (8 repetitions) Rep. of 2nd part (8 repetitions)


Figure 2 Subframe-level repetition
To enable both symbol level combining and early termination, a hybrid repetition scheme can be considered as shown in Fig.3. Each TB will be repeated cycle by cycle. Within each cycle, subframe-level repetition will be performed. Compared with repetition scheme in Fig.1, symbol level combining gain can be achieved within the cycle. In addition, early termination is still possible at each end of repetition cycle. 
[image: image3.emf]Rep.  of 1st part

(4 repetitions)

Rep. of 2nd part

(4 repetitions)

Rep.  of 1st part

(4 repetitions)

Rep. of 2nd part

(4 repetitions)


Figure 3 Repeat the NB-PDSCH cycle by cycle
Proposal 2: NB-PDSCH TB is repeated cycle-by-cycle and subframe-level repetition is performed within each cycle which is configured by higher layer or determined in specification.
3. Scheduling timing for NB-PDSCH
At the last meeting, it was agreed that the scheduling delay of NB-PDSCH will be indicated by DCI. However, what is the reference point for the scheduling delay determination is not clear. And the following two alternatives are possible
Alt.1: The end of NB-PDCCH transmission is set as reference point 

Alt.2: The end of search space is set as reference point

In Alt.1, UEs need to know NB-PDCCH transmission termination point and the offset between the end of NB-PDCCH and the start of NB-PDSCH. Both factors should be included in the DCI. While in Alt.2, the end of search space is clear to UEs and only the offset to the end of search space is needed. From this aspect, Alt.2 is more desirable. 
Proposal 3: DCI indicates the offset between the end of search space and start of NB-PDSCH
4. Remaining issue of multiple-PRB operation 
During the previous meeting, the frame structure of multiple-PRB operation is formed. The remaining issue of multiple-PRB operation is whether the NB-IoT carrier in the guard-band can be configured by the NB-IoT carrier in in-band operation or vice versa. In our understanding, supporting In-band (Anchor) and guard-band (Non-anchor) (and vice versa) is just simple extension on the base of currently supported configuration. This kind of configuration should be supported. If such a configuration is allowed, the configuration should be included in the RRC signaling. However, considering the Rel-13 schedule, a lower priority is given to this issue.
5. Conclusion 

In this contribution, we discussed the remaining issues of NB-PDSCH design including the repetition scheme, scheduling timing indication and the remaining issues of multiple-PRB operation. Our views on these issues are summarized as follows
Proposal 1: One TB can be scheduled over {1, 2, 4, 8} subframes.
Proposal 2: NB-PDSCH TB is repeated cycle-by-cycle and subframe-level repetition is performed within each cycle which is configured by higher layer or determined in specification. 

Proposal 3: DCI indicates the offset between the end of search space and start of NB-PDSCH.
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