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1. Introduction 

The WI on Rel-16 eMTC enhancements includes the following objectives:

Stand-alone deployment:

· Enable the use of LTE control channel region for DL transmission (MPDCCH/PDSCH) to BL/CE UEs [RAN1, RAN2, RAN4]

· This deployment mode should support legacy operation for legacy BL/CE UEs.

In RAN1#94 we agreed on the following MTC DL transmission in the LTE control channel region:
Agreement

FFS whether and for what broadcast transmission (e.g. SIBs, paging, SC-PTM, Msg2, etc) use of LTE control channel region for MPDCCH and PDSCH are applied 

Agreement

The following options can be considered for transmission of MPDCCH and PDSCH in LTE control channel region:

For MPDCCH

· Option 1: All or part of the MPDCCH are mapped into the DL control region.

· Option 2: MPDCCH are rate-matched to all OFDM symbols. FFS on RE mapping details.

For PDSCH

· Option A: All or part of the PDSCH are mapped into the DL control region.

· Option B: PDSCH are rate-matched to all OFDM symbols. FFS on RE mapping details.

This contribution further discusses DL MTC transmissions in the LTE control channel region. The following aspects are specifically considered:
· CRS support in the legacy control channel region

· Mapping of MPDCCH and PDSCH when the LTE control channel region is used

· Whether or not broadcast channels can be mapped to the legacy control channel region
2. CRS support in the legacy control channel region
The WID for Rel-16 enhancements for eMTC states that when the LTE control channel region is used for DL transmission “This deployment mode should support legacy operation for legacy BL/CE UEs”.

Legacy UEs expect CRS to be present in OFDM symbols 0 and 1, depending on the number of antenna ports. These CRS can be used for channel estimation and for time / frequency tracking. Legacy UE operation without these CRS will surely be degraded due to corruption of the channel estimates. Hence if CRS are not supported in OFDM symbols 0 and 1, the standalone deployment mode would not support legacy operation for legacy BL/CE UEs, which would be in conflict with the WID objectives.

Given that the legacy control channel region still needs to support CRS, the “extra REs” that are available for PDSCH and MPDCCH are as shown in yellow in Figure 1, the example shows the case of an LTE cell supporting antenna ports 0 and 1.  
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Figure 1 – Support of CRS in standalone deployment and available “extra” REs
While some companies make an inherent assumption that CRS will be supported in the LTE control channel region in a standalone deployment, based on the discussion in RAN1#94 Gothenburg. To facilitate future work on this feature, we think that it is important to agree at this meeting that in standalone deployment mode, the LTE legacy control channel region supports CRS. Hence the following proposal is made:
Proposal 1: In the standalone deployment mode, CRS are supported in OFDM symbols 0 and 1, depending on the number of antenna ports.
3. Mapping and rate matching physical channels to DL control region
According to the agreements in RAN1#94, the following options can be considered for transmission of MPDCCH and PDSCH in LTE control channel region:

For MPDCCH

· Option 1: All or part of the MPDCCH are mapped into the DL control region.

· Option 2: MPDCCH are rate-matched to all OFDM symbols. FFS on RE mapping details.

For PDSCH

· Option A: All or part of the PDSCH are mapped into the DL control region.

· Option B: PDSCH are rate-matched to all OFDM symbols. FFS on RE mapping details.

Our preference is that the Rel-16 MPDCCH and PDSCH are as similar as possible to the Rel-15 MPDCCH and PDSCH, since this eases implementation effort and is less likely to create conflicts when Rel-15 and Rel-16 physical channels are multiplexed together. This can be achieved with the following rules (as illustrated in Figure 2):

· Mapping to the non-legacy control channel region is the same as for Release-15

· Extra redundancy bits are mapped to the legacy control channel region for Rel-16 UEs supporting this feature.

· These extra redundancy bits can be formed by some form of re-processing of the Rel-15 transport channel or physical channel processing chains. An example of re-processing is to copy some of the Rel-15 OFDM symbols into the legacy control channel region, as done for the eMTC PBCH 
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Figure 2 - Transport and physical channel processing when mapping to the legacy control channel region in standalone deployment mode

Figure 2 shows the mapping of part of the MPDCCH or PDSCH to the DL control region (the “re-processing” function maps a part of the MPDCCH / PDSCH to the DL control region).
Proposal 2: RAN1 supports mapping part of the MPDCCH or part of the PDSCH to the DL control region.

Proposal 3: Mapping to the non-legacy control channel region is the same as for Release-15.

The number of REs available in the legacy control channel region is small (typically occupying 1, 2 or 3 OFDM symbols). Hence the payload size of an MPDCCH or PDSCH mapped to this region is likely to be small. There thus seems to be little utility to mapping all of either MPDCCH or PDSCH to the legacy control channel region.

Proposal 4: RAN1 does not support mapping all of MPDCCH or all of PDSCH to the DL control region.

4. Support of broadcast transmissions in the legacy control channel region

This section addresses the following FFS from RAN1#94:

Agreement

FFS whether and for what broadcast transmission (e.g. SIBs, paging, SC-PTM, Msg2, etc) use of LTE control channel region for MPDCCH and PDSCH are applied 

In section 3 it is proposed that in the non-legacy control channel region (e.g. OFDM symbols 3-14), the RE mapping for MPDCCH and PDSCH are the same as for Rel-15 eMTC. In this case, in a standalone deployment, the initial OFDM symbols support extra redundancy with respect to the Rel-15 mapping. Hence:

· A legacy Rel-15 eMTC UE observes the Rel-15 RE mapping in the non-legacy control channel region (e.g. OFDM symbols 3-14)
· A Rel-16 eMTC UE observes the Rel-15 RE mapping in the non-legacy control channel region (e.g. OFDM symbols 3-14) and additionally observes extra redundancy in the legacy control channel region (e.g. OFDM symbols 0-2)
The sets of physical bits processed by the Rel-15 and Rel-16 UEs are shown in Figure 3. The Rel-15 UE can decode OFDM symbols 3-14 and is oblivious to the extra redundancy bits in OFDM symbols 0-2. The extra redundancy bits in OFDM symbols provide slightly more robust performance to the Rel-16 UE.
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Figure 3 – Physical bits processed by Rel-15 and Rel-16 UEs

Hence it is possible for both Rel-15 eMTC UEs and Rel-16 eMTC UEs to decode broadcast transmissions in the legacy control channel region, since both the legacy and the Rel-16 eMTC UEs expect the same mapping in OFDM symbols 3-14. The Rel-16 eMTC UEs can operate with better performance by using the “extra REs”, providing extra redundancy, in the legacy control channel region. The better performance of the Rel-16 eMTC UEs can allow the Rel-16 eMTC UE to decode the broadcast channels with a smaller number of repetitions, allowing for longer battery life or reduced latency.

Observation: When the RE mapping in OFDM symbols 3-14 in standalone deployment mode is the same for Rel-15 and Rel-16 UEs, both types of UE can decode the same broadcast channel.

Hence it is proposed that:

Proposal 5: In the standalone deployment mode, both broadcast and unicast transmissions can use the LTE control channel region for MPDCCH and PDSCH.
5. Summary of Proposals
This document has considered DL MTC transmission in the LTE legacy control channel region. The following proposals are made:
Proposal 1: In the standalone deployment mode, CRS are supported in OFDM symbols 0 and 1, depending on the number of antenna ports.
Proposal 2: RAN1 supports mapping part of the MPDCCH or part of the PDSCH to the DL control region.

Proposal 3: Mapping to the non-legacy control channel region is the same as for Release-15.

Proposal 4: RAN1 does not support mapping all of MPDCCH or all of PDSCH to the DL control region.

Proposal 5: In the standalone deployment mode, both broadcast and unicast transmissions can use the LTE control channel region for MPDCCH and PDSCH.
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