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1. Introduction 
This document considers some open issues relating to NB-PDSCH, including transmission modes, redundancy versions, load balancing and multiplexing.

The document proposes that SFBC should be applied to NB-PDSCH, considers how this choice of transmission mode is compatible with eNodeBs implementing more than two DL antenna ports and the implications of SFBC on NB-PDSCH resource element mapping.
The document considers the case where there are multiple inband NB-IoT carriers and considers how load balancing can be applied between these NB-IoT carriers. While the concept of supporting anchor and secondary NB-IoT carriers is attractive, given the Release-13 specification timescales for NB-IoT, it is probably best to consider these features in a future release.

Finally, the document considers multiplexing of UEs with different coverage levels. From the perspective of being able to support lower latency services in future releases, it is preferred that UEs with different coverage levels are multiplexed using an FDM approach.
2. Discussion
2.1 Transmission Modes
The issue of transmission modes was discussed via a “TM-RS” email thread prior to the RAN1 AdHoc meeting. There was general agreement on the following points:

Confirm the working the assumptions on NB-IoT transmission schemes: 
    NB-IoT supports operation with more than one DL tx antenna port 
    For operation with 2 DL tx antenna ports, NB-IoT uses SFBC

Cell-specific RS supported for all modes of operation

This section considers the following aspects related to transmission modes:

· Which DL antenna ports are supported when the eNodeB supports more than 2 DL TX antenna ports. It is assumed that the NB-IoT SFBC-based transmit diversity scheme is based on LTE TM2.
· The resource elements to which SFBC coded transmissions are mapped

DL Antenna Ports
UE complexity is related to the number of channel estimates that the UE is required to simultaneously perform. The number of DL antenna ports that are simultaneously active for a UE should hence be minimized. It is proposed that the NB-IoT UE supports a maximum of 2 active DL antenna ports in any subframe. 

Proposal 1: The NB-IoT UE supports a maximum of 2 active DL antenna ports in any subframe.

For standalone mode, the eNodeB can be designed to support 2 active DL antenna ports from the outset (or at the time of upgrade to NB-IoT).

For in-band (and possibly guard bands modes), consideration needs to be given to which 2 DL antenna ports should be applied to NB-IoT when the eNodeB supports more than 2 antennas (noting that LTE TM2 supports up to 4 active DL antenna ports in a subframe). Note that the CRS would always be transmitted with an antenna port mapping according to Release-12 rules (in order to support legacy UEs). The REs supporting NB-PDSCH could however only support a subset of the antenna ports supported by the CRS. The issue that needs to be addressed is which DL antenna ports are applied to NB-PDSCH. There are various choices for the DL antenna ports applied:
· Antenna port 0 and 1 are always applied: these antenna ports are applied to a greater density of CRS than antenna ports 2 and 3

· The antenna ports applied in a group
 of subframes is cycled. E.g. AP0 and AP2 are applied in subframes 0,2; AP1 and AP3 are applied in subframes 1,3 (this is shown in Figure 1
 where antenna port cycling is shown being applied per single subframe; to allow for cross-subframe channel estimation, antenna port cycling could be applied per group of subframes). When the NB-PDSCH is interleaved across the groups of subframes, this provides a combination of antenna switched diversity and SFBC which should provide increased antenna diversity compared to an SFBC scheme applied only to antenna ports 0 and 1. 
· Preferred antenna ports are reported from the UE to the eNodeB (closed-loop operation). This choice might lead to the best performance in low speed environments, but requires feedback from the UE, requiring the UE to perform measurements and transmit reports in the UL. 
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Figure 1 – Antenna port cycling for NB-PDSCH

Antenna port cycling is expected to provide an antenna diversity gain with no increase in UE channel estimation complexity and no feedback requirements (as found in the Release-13 eMTC work [3]), hence it is our preferred method of applying 4 DL antenna ports in NB-IoT. The antenna port cycling pattern can either be fixed in the specifications or signaled by the eNodeB (e.g. in SIB signaling).
Proposal 2: When the eNodeB supports more than 2 DL antenna ports, antenna port cycling is applied.
Resource element mapping
There is general agreement that resource elements are mapped firstly in the frequency direction and then in the time direction. It is assumed that the UE can be allocated an arbitrary number of subcarriers between 1 and 12 subcarriers (the actual number of subcarriers that can be allocated to a UE will be decided on as part of the DCI design).

When the “frequency-first” resource element mapping rule is applied, there are some NB-PDSCH allocations where the strict SFBC rule of “resource elements belonging to the same TxD precoding matrix are adjacent to one another in frequency” is broken. Figure 2 shows that, when the in-band eNodeB supports 4 DL TX antenna ports (for legacy UEs), for NB-PDSCH allocations of 1 and 2 subcarriers, this rule is broken, whereas in Figure 3, for a 4 subcarrier NB-PDSCH allocation, the rule is preserved.

From the perspective of the underlying Alamouti code, it does not matter that resource elements belonging to the same TxD precoding matrix are not adjacent in frequency. Provided that the channel does not change significantly between subcarriers and OFDM symbols, the Alamouti TxD precoding matrix can still be reliably decoded.

Observation: A “frequency-first, time-second” resource element mapping is compatible with Alamouti TxD precoding regardless of the number of subcarriers assigned to NB-PDSCH.
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Figure 2 - RE mapping for one and two subcarrier allocations for NB-PDSCH
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Figure 3 – RE mapping for four subcarrier allocation to NB-PDSCH
2.2
Redundancy Versions

The working assumption in NB-IoT is that tail-biting convolutional codes are used for all NB-IoT DL channels. Hence NB-PDSCH shall support tail-biting convolutional codes.

The LTE transport channel processing specifications [1] define two separate rate matching algorithms:

· Turbo rate matching algorithm [1 section 5.1.4.1]. This rate matching algorithm supports incremental redundancy and limited buffer rate matching.

· Convolutional code rate matching algorithm [1 section 5.1.4.2]. This rate matching algorithm only supports Chase Combining and does not support limited buffer rate matching. Hence the UE will have to implement a soft buffer size that is a direct function of the maximum transport block size supported on NB-PDSCH.

The following aspects should be considered when choosing the rate matching algorithm to apply to NB-PDSCH:

· Specification impact. There is no specification impact in applying the convolutional code rate matching algorithm to a TBCC-coded NB-PDSCH. There will be some specification impact from applying the turbo rate matching algorithm to a TBCC-coded NB-PDSCH, but these specification impacts are expected to be minimal.

· Capacity. When high code rates are applied to NB-PDSCH and HARQ is applied, there is some gain from being able to perform incremental redundancy. However for the traffic models considered in Release-13, the system is not capacity limited, so any drop in performance from not supporting incremental redundancy is moot. 
· Complexity. The turbo rate matching algorithm supports limited buffer rate matching, allowing the soft buffer size at the UE to be smaller than the maximum number of physical channel bits in an NB-PDSCH transmission. If the maximum transport block size applied to NB-PDSCH is approximately 1000 bits, a rate 1/3 TBCC is used and with a single HARQ process, the required soft buffer size in the UE is approximately 3000 bits. This is already significantly less than the soft buffer requirements of the Rel-13 eMTC UE (soft buffer size 25344 bits). Hence from a complexity perspective, there is little need for artificially restricting the soft buffer size and limited buffer rate matching is not required.
From our analysis, there is not a compelling reason to support the turbo rate matching algorithm for NB-PDSCH in the NB-IoT UE that is to be specified in Release-13. This would not preclude revisiting this issue for future releases, if the system becomes capacity limited, or higher capability UEs are specified in future releases. Hence it is proposed that:

Proposal 3: The convolutional code rate matching algorithm of TS36.212 section 5.1.4.2 is used for NB-PDSCH in Release-13.

The consequence of the above proposal is that there are no redundancy versions for NB-PDSCH in NB-IoT in Release-13 and that only Chase Combining is supported on NB-PDSCH.

2.3
Load Balancing

For the in-band mode of operation, there may be multiple NB-IoT carriers. In this case, there are two possibilities:
· All NB-IoT carriers have the same features.

· NB-IoT carriers can be classified as anchor carriers or secondary carriers.

· Anchor carriers would contain NB-PSS, NB-SSS, NB-PBCH and system information for NB-IoT. Unicast control and shared channels would also be supported. 
· Secondary carriers would contain unicast control and shared channels (NB-PDCCH, NB-PDSCH, NB-PRACH and NB-PUSCH).
The anchor carrier / secondary carrier approach has some benefits (e.g. capacity and UE throughput from not needing to replicate broadcast channels in all NB-IoT carriers, applying some critical NB-IoT services to power-boosted anchor carriers etc.). The benefit of not differentiating between anchor carriers and secondary carriers is reduction of specification impact and specification timescales. Given the tight specification timescales for NB-IoT, it is proposed that the concept of anchor carrier and secondary carrier are not specified in Release-13. However there are potentially significant benefits from supporting anchor and secondary NB-IoT carriers and these should be considered in future releases.  

Proposal 4: The concepts of NB-IoT anchor and secondary carriers are considered in future releases.
If there are multiple NB-IoT carriers, the system should be capable of transferring UEs from one NB-IoT carrier to another NB-IoT carrier for load balancing purposes. The load balancing could either by dynamic (via DCI signaling) or semi-static (via RRC signaling). 

In general, DCI signaling has the benefit of allowing for low latency transmission of compact control messages, whereas RRC signaling is more robust, allowing for acknowledgement of control messages. We see no need to load balance between multiple NB-IoT in-band carriers with low latency, but it is beneficial to know which NB-IoT carrier the UE is connected to. Hence it is proposed that:

Proposal 5: When there are multiple in-band NB-IoT carriers, UEs can be transferred between NB-IoT carriers using RRC signaling. 

The method of transferring UEs between NB-IoT carriers is up to RAN2, but it is assumed here that the mechanism is similar to an inter-frequency handover or cell re-selection.

2.4
Multiplexing

It should be possible to multiplex UEs with different coverage levels together within the NB-IoT carrier. Different TTIs may be applied to UEs with different coverage levels, due to the significantly different amounts of repetition that might be required at the different coverage levels. Three schemes (Figure 4) have been identified for multiplexing UEs with different coverage levels:

· TDM. UEs with different coverage levels are multiplexed at different times.
· FDM. UEs with different coverage levels are multiplexed in different subcarrier resources.

· Scheduling based. UEs with different coverage levels can be multiplexed in the same time / frequency resources and the scheduler determines when UEs with different coverage levels are scheduled. This mode of operation is similar to that specified for eMTC in Release-13.
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Figure 4 – TDM, FDM and scheduling schemes for multiplexing different coverage class UEs
The TDM approach has the advantage that UEs can sleep during time periods when their coverage level is not being scheduled.

The FDM approach has the advantage that normal coverage UEs and UEs with other coverage enhancement levels can be scheduled at the same time. This is advantageous for lower latency applications: normal coverage UEs with lower latency applications do not have to wait for the end of NB-PDSCH transmissions for extreme coverage UEs before they can be scheduled. 
The scheduling approach has the advantage of flexibility. However it does not provide confidence to UE vendors that low latency applications can be supported and is likely to require significant specification effort (although some of the specifications developed during the Rel.-13 eMTC work can be carried over and adapted for NB-IoT).

The latency targets identified in TR45.820 can be met at extreme coverage levels for the MAR exception report traffic model [2], hence it could be argued that there is no requirement to be able to support lower latencies for normal coverage UEs. However it is preferable that lower latency applications can be supported in future releases. Hence from the perspective of forward compatibility, we think that the NB-IoT multiplexing scheme should be compatible with lower latency applications. From these latency considerations and from the perspective of specification timescales, the following proposal is made:

Proposal 6: NB-IoT supports multiplexing of UEs with different coverage levels via FDM. 
3. Conclusion

This document proposes that SFBC should be applied to NB-PDSCH and that antenna port cycling can be applied when the eNodeB supports more than 2 DL antenna ports. Antenna port cycling allows for a low complexity UE while achieving the benefits of the additional antenna diversity available from an eNodeB implementing more than 2 DL antenna ports.
This document considered the case where there are multiple inband NB-IoT carriers. In this case, load balancing is best achieved by transferring UEs between NB-IoT carriers via RRC signalling. While the concept of supporting anchor and secondary NB-IoT carriers is attractive, given the Release-13 specification timescales for NB-IoT, it is probably best to consider these features in a future release.

Finally, the document considered multiplexing of UEs with different coverage levels. From the perspective of being able to support lower latency services in future releases, it is preferred that UEs with different coverage levels are multiplexed using an FDM approach.

The following proposals and observation were made:
Proposal 1: The NB-IoT UE supports a maximum of 2 active DL antenna ports in any subframe.

Proposal 2: When the eNodeB supports more than 2 DL antenna ports, antenna port cycling is applied.
Proposal 3: The convolutional code rate matching algorithm of TS36.212 section 5.1.4.2 is used for NB-PDSCH in Release-13.
Proposal 4: The concepts of NB-IoT anchor and secondary carriers are considered in future releases.
Proposal 5: When there are multiple in-band NB-IoT carriers, UEs can be transferred between NB-IoT carriers using RRC signaling. 

Proposal 6: NB-IoT supports multiplexing of UEs with different coverage levels via FDM. 
Observation: A “frequency-first, time-second” resource element mapping is compatible with Alamouti TxD precoding regardless of the number of subcarriers assigned to NB-PDSCH.
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� The size of the group of subframes can be dimensioned to allow for cross-subframe channel estimation.


� � REF _Ref440028103 \h ��Figure 1� shows antenna port cycling occurring on a per LTE-subframe basis (for the sake of size of figure). It can also occur on a per NB-subframe basis
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