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1	Introduction
The Rel-16 Work Item (WI) on “Additional MTC enhancements for LTE” [1] has the following as one of its objectives:
	The objective is to specify the following set of improvements for machine-type communications for BL/CE UEs.

[…]

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.




The topic has been discussed in contributions to several RAN1 meetings, as summarized in [2]-[6]. The discussions have resulted in a number of agreements which are listed in [7]. The most recent agreements related to the MPDCCH and PDSCH mapping, which are most relevant to the further discussion in this contribution are as follows:

	PDSCH

Agreement
For PDSCH transmission in LTE control region, rate-matching is done using legacy mapping then wrap around starting with OFDM symbol 0.

Agreement
When performing rate-matching for PDSCH in the LTE control region, all resource elements shall be counted in the PDSCH mapping, except for the ones reserved for cell-specific reference signals on any antenna port.
· Same as legacy operation

MPDCCH

Working Assumption
[bookmark: _GoBack]For MPDCCH mapping, a fixed mapping in time is used. The resource elements used for MPDCCH in the first lMPDCCHStart  symbols in the second slot are copied into the first lMPDCCHStart symbols in the first slot.



In this contribution we further discuss open issues related to this work item objective. 
[bookmark: _Ref178064866]2	Discussion
One of the differences in a stand-alone LTE-MTC deployment compared to LTE-MTC deployed within a Rel-13/14/15 LTE carrier is that the LTE control region is no longer occupied by legacy Rel-8 LTE channels but can be used for the channels relevant for LTE-MTC. Specifically, the WI objective as it is currently formulated targets MPDCCH/PDSCH transmission in the LTE control channel region. 
2.1	Mapping details of PDSCH in LTE control region
According to the current RAN1 agreements, PDSCH transmission in the LTE control region is performed by first using the legacy rate-matching, then continue the mapping by using wrap around starting with OFDM symbol 0. In [8] it was argued that a clarification was needed for the TDD case, which was also included as a proposal in the feature lead summary in [6]. 
For the application to TDD special subframes, it may need to be clarified that the legacy PDSCH mapping is applied to the symbols used for DL transmission, and the rate-matching should continue directly with OFDM symbol 0 without counting the REs in the OFDM symbols belonging to the guard period or the UL transmission. This is a sensible approach for several reasons, including simplicity and avoiding unnecessary clarifications on available REs in the OFDM symbols not used for DL transmissions. Furthermore, when scheduling transmissions with fairly high code rates in the special subframes, this approach would result in that the first parity bits which have not been used in the legacy PDSCH region are the first ones to be used when performing the wrap-around, regardless of the special subframe configuration being used. This avoids a situation where e.g. systematic bits are repeated rather than all parity bits being used.
[bookmark: _Toc7782685]The PDSCH rate-matching in the LTE control region for TDD special subframes may need to be clarified.
We therefore propose the following to be agreed as a clarification to earlier agreements: 
[bookmark: _Toc7782687]For PDSCH transmission in LTE control region, rate-matching is done using legacy mapping for the OFDM symbols used for legacy PDSCH transmission, then wrap around starting with OFDM symbol 0. 

2.2	Mapping details of MPDCCH in LTE control region
According to the current RAN1 agreements, MPDCCH transmission in the LTE control region is performed by mapping parts of the legacy MPDCCH transmission also into the LTE DL control region. We proposed in [8] to adopt a simple fixed mapping rule to copy the first symbols from the second to the first slot, shown in Figure 1. The proposal was also adopted as a working assumption in RAN1#96bis.
CRS 
DMRS

[bookmark: _Ref4772794]Figure 1 Suggested copied OFDM symbols in normal DL subframes for normal CP

This mapping has the advantage that it’s a fixed mapping that would work in normal subframes for different number of CRS ports, applicable TDD special subframes, both normal and extended cyclic prefix, and for different sizes of the LTE control region. We therefore propose the following: 
[bookmark: _Toc7782688]Confirm the working assumption that the resource elements used for MPDCCH in the first  symbols in the second slot are copied into the first  symbols in the first slot.   
2.3	Further configuration aspects
[bookmark: _Hlk528933210]It is reasonable to assume that the default behavior in a pure stand-alone deployment would be to configure the Rel-13/14/15 start symbol for MPDCCH and PDSCH to the minimum value (i.e., 1 or 2), and use the LTE control region for additional repetitions as outlined above. This way, the usage of the physical resources is maximized both for legacy Rel-13/14/15 UEs and Rel-16 UEs, and both for MPDCCH and PDSCH. However, it is also possible to consider other deployment scenarios that might benefit from other (semi-static) configurations, or even more dynamic use of the LTE control region. In this way, the LTE-MTC operation can be more flexible in terms of coexistence with other communications standards, such as NR or ordinary LTE. For example, the allocation of the initial CORESET associated with the NR Type0-PDCCH search space occurs in a regular pattern depending on the configuration in NR. This initial CORESET can be configured in several ways related to the location and size in terms of number of OFDM symbols and number of PRBs in frequency domain. For example, one configuration extends over one OFDM symbol and 48 PRBs, i.e. essentially the full system bandwidth in a 10 MHz carrier with 15 kHz subcarrier spacing. In cases where this CORESET is located within a time/frequency window corresponding to the LTE control region, it may be beneficial if an embedded LTE-M carrier would avoid using the LTE control region in a pattern corresponding to the CORESET transmission pattern. If the network does not extend the MPDCCH/PDSCH transmissions according to this pattern, it may also be beneficial for a Rel-16 UE to be notified on this pattern in order not to degrade the MPDCCH/PDSCH demodulation performance. If the network does not extend the MPDCCH/PDSCH transmissions according to this pattern, it may also be beneficial for a Rel-16 UE to be notified on this pattern in order not to degrade the MPDCCH/PDSCH demodulation performance. 
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc521675886][bookmark: _Toc7782686]It may be beneficial to introduce some flexibility regarding the time and frequency resources that the UE can expect MPDCCH/PDSCH to be mapped to the LTE control region in order to facilitate coexistence when embedding an LTE-MTC stand-alone carrier in another RAT.
The above example serves only as an illustration of a potential scenario in which it may be useful for a stand-alone LTE-MTC system to have a flexibility with respect to when the LTE control region is used for MPDCCH/PDSCH transmissions. In a more general sense, this can be formulated as a case where LTE-MTC resources are reserved for NR use, and not used for LTE-MTC transmissions. These issues related to coexistence between LTE-MTC and NR are also studied within a separate WI objective, and we therefore suggest that resource reservation and other mechanisms related to LTE-MTC and NR coexistence primarily are studied within the scope of the coexistence WI objective. Once such mechanisms have been studied on a more general level, it can be considered if these general mechanisms are suitable also for the purpose of having a flexible, potentially configurable, mapping of MPDCCH/PDSCH to the LTE control region, or if some more tailored solution would be preferable. 
[bookmark: _Toc7782689]RAN1 considers potential synergies between LTE-M resource reservation for the purpose of NR coexistence (one of the WI objectives) and flexible MPDCCH/PDSCH usage in the LTE control region for the purpose of Stand-alone LTE-M operation (another WI objective).
 

3	Conclusion
This contribution has discussed the use of the LTE control channel region for DL transmission in LTE-MTC. We made the following observations: 
Observation 1	The PDSCH rate-matching in the LTE control region for TDD special subframes may need to be clarified.
Observation 2	It may be beneficial to introduce some flexibility regarding the time and frequency resources that the UE can expect MPDCCH/PDSCH to be mapped to the LTE control region in order to facilitate coexistence when embedding an LTE-MTC stand-alone carrier in another RAT.

Based on these observations and the discussion in the paper we propose the following:
Proposal 1	For PDSCH transmission in LTE control region, rate-matching is done using legacy mapping for the OFDM symbols used for legacy PDSCH transmission, then wrap around starting with OFDM symbol 0.
Proposal 2	Confirm the working assumption that the resource elements used for MPDCCH in the first  symbols in the second slot are copied into the first  symbols in the first slot.
Proposal 3	RAN1 considers potential synergies between LTE-M resource reservation for the purpose of NR coexistence (one of the WI objectives) and flexible MPDCCH/PDSCH usage in the LTE control region for the purpose of Stand-alone LTE-M operation (another WI objective).
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