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1. Introduction 
This contribution discusses the following open issue related to NB-PDSCH:
· Support of 16QAM

· CRC size

· Support of redundancy versions

· TDM vs FDM multiplexing

· Mapping of NB-PDSCH to resource elements and subframes

A set of proposals is made, as summarized in the conclusion.

2. Discussion
16QAM support
The data rate that can be supported by an NB-IoT device is already significantly restricted by the support of a single HARQ process. Support of 16QAM would help to compensate for this limitation. In the DL, support of higher data rates to UEs allows UEs to return to a DRX state earlier and save battery resources. Since large transport blocks can be transmitted on NB-PDSCH (of the order of 1000 bits), the receive-on time of the UE can be significantly reduced when 16QAM is supported (compared to just supporting QPSK). Though this aspect is not important for the usage scenario of utility meters installed in basements, it is important for other usage scenarios, such as battery constrained mobile NB-IoT devices. Hence our preference is that 16QAM is supported on NB-PDSCH.
Proposal 1: 16QAM is supported on NB-PDSCH.

CRC size

LTE supports a 24 bit CRC size and this provides robust detection of errors within the transport block. A motivation for supporting a smaller CRC size (e.g. 16 bits) would be to use a single common transport channel processing chain for NB-PDCCH and NB-PDSCH. 

The complexity of the CRC decoding function is minimal and the receiver transport channel processing chain can easily be switched between 24-bit mode and 16-bit mode (for the two physical channels). With little additional complexity, both a 16-bit and a 24-bit CRC can be simultaneously decoded if blind decoding is necessary. 

When NB-PDSCH is scheduled by NB-PDCCH, the UE always knows which physical channel it should be decoding (and can hence switch between 24-bit CRC mode and 16-bit CRC mode).

Based on the above considerations, our opinion is that NB-PDSCH should operate using a 24 bit CRC.

Proposal 2: A 24-bit CRC is applied to NB-PDSCH.

Redundancy Versions

It has been agreed that NB-PDSCH supports TBCC. An implication of this is that the TBCC-associated rate matching algorithm is used. This rate matching algorithm does not support different redundancy versions and specification changes would be required in order to define them.

Gains have been shown from the support of different redundancy version in both HSPA and LTE standardization. The gains are evident when higher coding rates are applied to initial HARQ transmissions or when TTI bundling (and RV cycling) are applied. In NB-IoT, we do not see the need to optimize re-transmissions (which occur only 10% of the time when a target BLER of 10% is applied) of high coding rate transmissions. Instead of TTI bundling, either segmentation at the MAC layer or use of a longer TTI can support large DL transport block sizes.
Given the specification impacts and the questionable benefits of supporting multiple redundancy versions, it is proposed that the NB-IoT does not support different redundancy versions.

Proposal 3: There is no support for multiple redundancy versions on NB-PDSCH.

TDM multiplexing of NB-PDSCH
When there are NB-IoT UEs with different latency requirements, it is desirable to be able to schedule low latency UEs (for example UEs needing to transmit an alarm message and receive confirmation from the network) at the same time as more latency tolerant UEs. 

There is a blocking problem when extreme coverage UEs (requiring many repetitions in the DL) have been previously scheduled by the eNodeB. These allocations can block the transmission of low latency traffic that appears after the scheduling decision for the extreme coverage UEs has been made.

The blocking problem can be resolved by either scheduling NB-PDSCH in an FDM manner or an interleaved TDM manner. The FDM approach allows subcarrier resource to always be available for low latency traffic, but requires NB-PDSCH to be scheduled at a sub-PRB level. The interleaved TDM approach allows some time resources to always be available for low latency traffic and whole-PRB NB-PDSCH allocations are possible.
The interleaved TDM approach is simpler and does not require extra specification effort (in terms of NB-PDSCH physical channel mapping and DCI design), while still avoiding the blocking problem between UEs with differing latency requirements. Hence it is proposed that:

Proposal 4: The minimum unit of resource applied to NB-PDSCH in the frequency domain is 12 subcarriers.

Proposal 5: Interleaved TDM of transmissions for multiple UEs is supported for NB-PDSCH.  

[1] provides further considerations on interleaving of NB-PDSCH transmissions, including the joint interleaving of NB-PDSCH and NB-PDCCH transmissions.  
Mapping of NB-PDSCH to resource elements and subframes
In order to provide sufficient physical channel bits, when large transport blocks are transmitted, the TTI has to be greater than the 1ms TTI of LTE. It is hence necessary to define the resource element mapping and transmission order for the resource elements produced by the NB-PDSCH transport and physical channel processing chains across such longer TTIs.
In order to maintain commonality with LTE, it is proposed that resource element mapping is based on the rules used in Release-12 LTE: within a PRB, resource elements are mapped firstly in frequency and then in time. The first PRB in a PRB-pair is mapped before the PRB-pair’s second PRB.

In NB-IoT, the PRB-pairs of the NB-PDSCH transmission are arranged in time sequence rather than frequency sequence (due to the single-PRB, multiple-subframe definition of an NB-IoT TTI). The simplest method of mapping resource elements to subframes is to map to subframes in time order: see Figure 1.
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Figure 1 – Resource element mapping order between and within subframes
Proposal 6: Resource elements are mapped according to Rel-12 LTE specifications within a subframe. Resource elements are mapped in time order between subframes.
When repetition is applied, when the subframe structure of Figure 1 is repeated, there are alternating subframes containing different sets of resource elements, as illustrated in Figure 2. This mapping allows for early termination (at the points marked), allowing the UE to stop decoding of NB-PDSCH at an early stage and conserve battery resources. However the mapping doesn’t allow for symbol combining between similarly mapped subframes (at low SNR, frequency tracking is inaccurate [2], meaning symbol combining is not possible between subframes that are spaced more than a few milliseconds apart).
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Figure 2 – Direct repetition of TTIs does not allow symbol combining

Symbol combining can be enabled by considering the TTI to span the number of repetitions of the transmission and to repeat like subframes in time, as shown in Figure 3. While this mapping allows for symbol combining, it does not allow for significant early termination (as shown in the figure).
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Figure 3 – Enabling symbol combining between subframes when the TTI spans the number of repetitions

In order to allow for both symbol combining and early termination, the TTI can be defined to span a number of repetitions and within a cycle of repetition identical subframes are mapped adjacently in time, as shown in Figure 4. Due to the complexity and power consumption benefits of supporting both symbol combining and early termination, a subframe mapping rule according to Figure 4 is proposed. 
Proposal 7: An NB-PDSCH TTI consists of multiple repetition cycles. Identical subframes are mapped adjacently in time within a repetition cycle.  

[image: image4]
Figure 4 – Enabling symbol combining between subframes and early termination

3. Conclusion

In this contribution we have discussed some aspects of NB-PDSCH and propose the following:
Proposal 1: 16QAM is supported on NB-PDSCH.

Proposal 2: A 24-bit CRC is applied to NB-PDSCH.

Proposal 3: There is no support for multiple redundancy versions on NB-PDSCH.

Proposal 4: The minimum unit of resource applied to NB-PDSCH in the frequency domain is 12 subcarriers.

Proposal 5: Interleaved TDM of transmissions for multiple UEs is supported for NB-PDSCH.
Proposal 6: Resource elements are mapped according to Rel-12 LTE specifications within a subframe. Resource elements are mapped in time order between subframes.

Proposal 7: An NB-PDSCH TTI consists of multiple repetition cycles. Identical subframes are mapped adjacently in time within a repetition cycle.  
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