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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
A new WID on additional enhancements for eMTC was approved in RAN#80. The WID included 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.

This Tdoc provides our initial views on how the LTE control channel region can be used for DL transmission.
As per the WID objective, it is essential that this deployment mode should support legacy operation for legacy BL/CE UEs. 

2. Discussion
2.1 Bandwidth for Standalone Deployment
The ongoing work on self-evaluation for IMT-2020 indicates that the IMT-2020 requirement of the support of one million devices per square kilometre can be realized with 3 narrowbands for the most difficult deployment scenario [2]. Hence from the perspective of connection density, we assume that the maximum bandwidth that would be assigned for standalone deployment would be 5 MHz, within which 4 narrowbands can be supported.
One of the performance enhancing techniques for eMTC is frequency hopping. This technique provides frequency diversity in the DL and UL, lowering SNR requirements and hence improving battery lifetime, latency, coverage and capacity. The frequency diversity benefits motivate the support of standalone deployments with a bandwidth greater than 5MHz.
Typical deployments will not need to support the device density stipulated in the IMT-2020 requirements. Hence the minimum bandwidth that should be supported is a single narrowband, i.e. 1.4MHz.
It is apparent that there are motivations to support standalone deployment in both narrow system bandwidths and wide system bandwidths. Hence it is proposed that standalone deployment is supported in bandwidths between 1.4MHz and 20MHz. It is expected that the specification impact will be agnostic to the system bandwidth and hence there is no benefit from limiting the standalone deployment feature to a bandwidth of less than 20MHz. 
Proposal 1: Standalone deployment supports system bandwidths of between 1.4MHz and 20MHz.
2.2 [bookmark: _Ref521529054]Support for legacy UEs  
A WID objective is that the standalone deployment mode supports legacy Rel-15 (and earlier) eMTC UEs. There seem to be two implications:
· The OFDM symbols that were part of the legacy control channel region should still support CRS since legacy UEs expect to receive CRS in the legacy control channel region.
· REs that are mapped to the OFDM symbols that were part of the legacy control channel region should be “extra” to the REs that are received by Rel-15 UEs. The “extra” REs can either provide new functionality (through new physical channels and signals) or can provide extra redundancy for existing physical channels and signals. The possible uses of the “extra” REs are considered in section 2.4.
Proposal 2: In the standalone deployment mode, CRS are supported in OFDM symbols 0 and 1, depending on the number of antenna ports.
Figure 1 illustrates the requirement to support CRS in the standalone deployment mode and the available “extra” REs. The figure assumes a PRB that supports MPDCCH.
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[bookmark: _Ref521531990]Figure 1 – Support of CRS in standalone deployment and available “extra” REs
2.3 Backwards compatibility  
The support of legacy UEs (according to section 2.2) provides backwards compatible support for Rel-15 and earlier UEs.
Another backwards compatibility issue relates to the ability for Rel-16 UEs to be developed as a software upgrade to Rel-15 modems. It should be possible for the extra REs available in a standalone deployment to be used in Rel-16 UE that has a new software load applied on top of Rel-15 modem hardware. 
2.4 [bookmark: _Ref521531844]Use of extra REs from the legacy control channel region  
The extra REs from the legacy control channel region can be used for one or more the following functions:
· Provide extra redundancy for existing physical channels. Some REs of the existing physical channels are mapped into the legacy control channel region. This provides a direct processing gain for those physical channels.
· Provide extra channel estimation resources. Mapping of extra reference symbols to extra REs should directly improve channel estimation performance. Since these extra reference symbols would be concentrated in time, performance is likely to be most improved in propagation channels that are slowly changing in time and are channel estimation limited.
· Support of a new physical channel or signal. Given that there is no WID objective that calls for a new physical channel / signal and given that this physical channel / signal would only be available in standalone deployment mode, we do not favour adopting this approach.
Proposal 3: RAN1 studies the following techniques for use of the legacy control channel region in a standalone deployment:
· Provide extra redundancy for existing physical channels.
· Provide extra reference symbols for channel estimation purposes.
3.   Conclusion
This document has considered DL transmission in the legacy control channel region for use in a standalone eMTC deployment. The following proposals are made:
Proposal 1: Standalone deployment supports system bandwidths of between 1.4MHz and 20MHz.
Proposal 2: In the standalone deployment mode, CRS are supported in OFDM symbols 0 and 1, depending on the number of antenna ports.
Proposal 3: RAN1 studies the following techniques for use of the legacy control channel region in a standalone deployment:
· Provide extra redundancy for existing physical channels.
· Provide extra reference symbols for channel estimation purposes.
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