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1	Introduction
In RAN1#98 meeting, the following agreements for using LTE control region for DL transmission were achieved [1]. 

Agreement
For MPDCCH mapping for TDD special subframes, 
· For special subframe configurations other than 9 and 10, 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. 
· FFS: For subframe configurations 9 and 10

[bookmark: _Ref178064866]In this contribution, we continue to discuss the remaining aspects for using LTE control region for DL transmission for LTE-MTC. 
2 Discussion
2.1 TDD special subframe configurations 9 and 10
For special subframe configurations 9 and 10 (i.e. ssp9 and ssp10) the length of DwPTS is only 6 symbols and DL transmission is only allowed in the first slot of the subframe. Therefore, it is not possible to copy the first lMPDCCHStart symbols in the second slot to the control region as in normal DL subframe and other TDD special subframe configurations. 
As discussed in RAN1#98, the following options were proposed for special subframe configuration 9 and 10.
· Option 1: No support of MPDCCH transmission in LTE control region for TDD special subframe configurations 9 and 10 [2]. 
· Option 2: The resource elements in the last lMPDCCHStart symbols of MPDCCH transmission region are copied into the LTE control region if not colliding with CRS RE [3].
For option 1, there is potential waste of resources. The issue with Option 2 is that REs colliding with the CRS RE shall be punctured when copying the last lMPDCCHStart symbols of MPDCCH transmission region to LTE control region. When the LTE control region has one symbol, the last symbol of MPDCCH region is copied to the LTE control region with puncturing on the REs colliding with CRS. When the LTE control region has 2 symbols, the second last symbol of MPDCCH region is copied to the first symbol of the LTE control region without puncturing on the REs colliding with CRS, and the last symbol of MPDCCH region is then copied to the second symbol of the LTE control region with or without puncturing dependent on the number of CRS ports. It can be seen different symbols are copied to the first symbol of LTE control region dependent on the size of LTE control region and puncturing is used also based on the number of CRS ports. This would increase UE implementation complexity.
A potential enhancement to Option 2 is to fix MPDCCH symbols copied to the LTE control region. That is, the second last symbol of MPDCCH transmission region (i.e. symbol #4 that has same CRS RE mapping as symbol #0) is copied to the first symbol of the LTE control region, and if LTE control region has 2 symbols then the last symbol of MPDCCH transmission region (i.e. symbol #5) is then copied to the second symbol of the LTE control region. Compared to Option 2, it can avoid puncturing operation when the LTE control region has only one symbol. 
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Figure 1 MPDCCH RE mapping for special subframe configuration 9/10
Proposal 1: For TDD special subframe configurations 9 and 10, a fixed symbol mapping is used, i.e.
· Symbol #4 is copied to the first symbol of LTE control region 
· Symbol #5 is copied to the second symbol if LTE control region has 2 symbols

Another issue discussed in [4] is how to handle the REs that belong to MPDCCH PRBs but are punctured by some reference or sync signals, e.g. MPDCCH DMRS REs and CSI-RS REs. As shown in Figure 2 below, the DMRS and CSI-RS RE mapping are dependent on the length of DwPTS. With the proposed RE mapping for MPDCCH transmission in LTE control region, the symbols that are copied to LTE control region do not contain DMRS or CSI-RS. Therefore, we don’t see any issue.
Observation 1: The resource elements used for MPDCCH and copied to LTE control region do not contain DMRS or CSI-R.
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Figure 2 DMRS and CSI-RS RE mapping in TDD special subframe 
2.2 Configuration
It was agreed that the usage of LTE control region for MPDCCH/PDSCH was supported also for inband deployment with NR. Different from LTE, downlink control channel in NR is not wideband transmitted but based on the CORESET (control resource set) configuration which consists of a set of RB groups distributed across the whole band. For coexistence with NR, the use of control region for LTE-MTC transmission shall be more flexible to support resource reservation for NR CORESET. Since NR CORESET is configured only in some subframes in time domain and some RBs in frequency domain, the configuration of using LTE control region for MPDCCH/PDSCH transmission is thus desirable to be narrowband and subframe specific.
Proposal 2: The configuration of using LTE control region for MPDCCH/PDSCH can be narrowband and subframe specific 
3	Summary
In this contribution, we discuss the remaining aspects for using the control region for MPDCCH/PDSCH to the BL/CE UE. We have the following observations and proposals:
Observation 1: The resource elements used for MPDCCH and copied to LTE control region do not contain DMRS or CSI-R.
[bookmark: _In-sequence_SDU_delivery]Proposal 1: For TDD special subframe configurations 9 and 10, a fixed symbol mapping is used, i.e.
· Symbol #4 is copied to the first symbol of LTE control region 
· Symbol #5 is copied to the second symbol if LTE control region has 2 symbols
Proposal 2: The configuration of using LTE control region for MPDCCH/PDSCH can be narrowband and subframe specific 
References
[1]	3GPP RAN1#98, Chairman’s notes, August 2019
[2]	R1-1908832, “Use of control region for eMTC UEs”, Qualcomm Inc.
[3]	R1-1906502, “Use of LTE control channel region for DL transmission”, ZTE
[4]	R1-1908526, “On the use of LTE control channel region for LTE-MTC DL transmission”, LG Electronics

	4/4	
image3.emf
0 1 2 3 4 5 6 7 8 9# # # #

LTE CRS Port 0/1 LTE CRS Port 2/3

DMRS CSI-RS

NCP, SSF config 1,2,6,7 (9/10 symbol)


image4.emf
0 1 2 3 4 5 6 7 8 9# # # #

LTE CRS Port 0/1 LTE CRS Port 2/3

DMRS CSI-RS

NCP, SSF config 9,10 (6 symbol)


image1.emf
0 1 2 3 4 5 6 7 8 9# # # #

LTE CRS Port 0/1 LTE CRS Port 2/3

NCP, SSF config 9,10 (6 symbol)


image2.emf
0 1 2 3 4 5 6 7 8 9# # # #

LTE CRS Port 0/1 LTE CRS Port 2/3

DMRS CSI-RS

NCP, SSF config 3,4,8 (11/12 symbol)


