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1	Introduction
In RAN1#96bis meeting, the following agreements for using LTE control region for DL transmission were achieved [1]. 

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
Working Assumption
· 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
Conclusion
· CRS modulation symbols in OFDM symbols 0 and 1 of the stand-alone carrier are the same as those in the legacy control channel region.

[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 MPDCCH RE mapping in LTE control region
For MPDCCH RE mapping in LTE control region, the working assumption made in the last meeting was use a fixed mapping, i.e. copying the first lMPDCCHStart symbols in the second slot to the legacy LTE control region. This is because of the same CRS RE mapping in the first and second slots of the subframe thus achieving maximum RE utilization. Alternatively, a time-varying mapping was proposed in [2]. Based on it, different MPDCCH symbols can be copied to LTE control region in a cyclic approach. For example, MPDCCH OFDM symbol #3, #4 and #5 are firstly copied to OFDM symbols #0, #1 and #2 for the first Ych consecutive subframes or the first narrowband, and MPDCCH OFDM symbol #6, #7 and #8 are then copied to OFDM symbols #0, #1 and #2 for the second Ych consecutive subframes or the second narrowband of the MPDCCH, and so on. The cycling through different MPDCCH symbols would increase implementation complexity. In addition, due to different RS pattern (i.e. CRS and DMRS) in LTE control region, the cycling mapping will not fully utilize the REs in LTE control region and may incur a performance loss compared to the non-cycling mapping. 
Figure 1 and 2 compare the performance between the cycling and non-cycling mapping. PDSCH performance is evaluated by selecting a MCS achieving a similar coding rate of MPDCCH for which we consider a typical DCI size of K=29 + 16 bits CRC. Figure 1 shows the performance of PDSCH in 2 RBs with MCS 6 with CR=1/2, approximately to MPDCCH with AL=2 and 2 PRB set, and Figure 2 is for PDSCH in 4 RBs with MCS 2 with CR=1/4, approximately to MPDCCH with AL=4 and 4 PRB set. As seen from the figures, the cycling and non-cycling mapping options have the similar performance. There is no obvious SNR improvement from the cycling mapping.
[image: ]
Figure 1: Block error rate performance, PDSCH, MCS=6, NumRB=2
[image: ]
Figure 2: Block error rate performance, PDSCH, MCS=2, NumRB=4
Proposal 1: Confirm the working assumption on the fixed MPDCCH RE mapping in LTE control region, i.e. copying the first lMPDCCHStart symbols of the second slot to LTE control region.
2.2 TDD Special subframe
Currently, both PDSCH and MPDCCH are not allowed to transmit in TDD special subframe configuration 0 and 5. This is because when excluding OFDM symbols reserved for LTE control region the available REs for PDSCH and MPDCCH transmission is very small. However, if control region is used for PDSCH and MPDCCH transmission, all the three OFDM symbols of TDD special subframe configuration 0 and 5 can be used, and it seems possible to support PDSCH and MPDCCH in TDD special subframe configuration 0 and 5. 

For backward compatibility, MPDCCH transmission in TDD special subframe configuration 0 and 5 is supported only for MPDCCH mapped to UE specific search space without repetition. A new ECCE may be defined. For example, the number of EREGs per ECCE can be increased to 16, corresponding to 1 ECCE per PRB pair. Alternatively, we can reuse the ECCE definition for TDD special subframe configuration 1, 2, 6, 7, 9 or 10, i.e. using N=8 for the ECCE to EREG mapping but restrict the supported aggregation levels for MPDCCH in special subframe configuration 0/5 by excluding the case of AL=1. 
Proposal 2: Support MPDCCH/PDSCH transmission in TDD special subframe configuration 0 and 5 for MPDCCH/PDSCH transmission without repetition. 
Proposal 3: For MPDCCH/PDSCH transmission with repetition, the special subframe usage is same as Rel-13.
2.3 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). Therefore, for supporting the coexistence with NR, the use of control region for LTE-MTC DL transmission shall be flexible supporting the non-wideband resource reservation for NR CORESET. For example, the NR CORESET may be configured only in some subframes in time domain and in some narrowbands in frequency domain. In such case, the configuration of using LTE control region for MPDCCH/PDSCH transmission can be narrowband and subframe specific.
Proposal 4: 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 proposals:
[bookmark: _In-sequence_SDU_delivery]Proposal 1: Confirm the working assumption on the fixed MPDCCH RE mapping in LTE control region, i.e. copying the first lMPDCCHStart symbols of the second slot to LTE control region.
Proposal 2: Support MPDCCH/PDSCH transmission in TDD special subframe configuration 0 and 5 for MPDCCH/PDSCH transmission without repetition. 
Proposal 3: For MPDCCH/PDSCH transmission with repetition, the special subframe usage is same as Rel-13.
Proposal 4: The configuration of using LTE control region for MPDCCH/PDSCH can be narrowband and subframe specific 
References
[1]	3GPP RAN1#96bis, Chairman’s notes, November 2018
[2]	R1-1901960, “Consideration on the usage of LTE control channel region”, Nokia, Nokia Shanghai Bell
	4/4	
image1.emf
-7 -6.5 -6 -5.5 -5 -4.5 -4

10

-4

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

Non-cycling mapping, 1 symbol LTE control

Non-cycling mapping, 2 symbol LTE control

Non-cycling mapping, 3 symbol LTE control

Cycling mapping, 1 symbol LTE control

Cycling mapping, 2 symbol LTE control

Cycling mapping, 3 symbol LTE control


image2.emf
-10 -9.5 -9 -8.5 -8 -7.5 -7

10

-4

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

Cycling mapping, 1 symbol LTE control

Cycling mapping, 2 symbol LTE control

Cycling mapping, 3 symbol LTE control

Non-cycling mapping, 1 symbol LTE control

Non-cycling mapping, 2 symbol LTE control

Non-cycling mapping, 3 symbol LTE control


