Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _GoBack]3GPP TSG-RAN WG1 #95	R1-1813045
12th – 16th November 2018
Spokane, USA

Agenda Item:	6.2.1.8
Source:	Qualcomm Incorporated
Title:	Use of control region for eMTC UEs
Document for:	Discussion and Decision
1	Introduction
In RAN#80 meeting, a new WID of Rel-16 MTC enhancements for LTE [1] was approved. One of the objectives is to enhance eMTC for standalone deployment. 

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#94bis meeting, the following agreements for using LTE control region for DL transmission were achieved [2]. 

Agreement 
· Support PDSCH broadcast transmission in LTE control channel region
· PDSCH are rate-matched in a backward compatible manner on all available OFDM symbols. FFS on RE mapping details
[bookmark: _Ref178064866]
In this contribution, we continue to discuss the aspects for using LTE control region for DL transmission for eMTC. 
2 Discussion
2.1 Use of LTE control region
Itis not clear whether the use of LTE control region can be applied to broadcast channels. The concern on broadcast transmission is backward compatibility since legacy BL/CE UE cannot receive in the LTE control region. However, this may depend on how MPDCCH/PDSCH is extended to LTE control region. If MPDCCH/PDSCH is extended to LTE control region with backward compatibility, there is no reason not to support broadcast transmission. The support of broadcast PDSCH in LTE control region has been agreed in last RAN1 meeting, and therefore it would be straightforward to extend it also to broadcast MPDCCH.

Proposal 1: Support MPDCCH broadcast transmission in LTE control region. 
2.2 MPDCCH/PDSCH transmission in LTE control region
For PDSCH transmission in LTE control region, it was agreed that PDSCH is rate matched in a backward compatible manner on all available OFDM symbols. This implies that PDSCH RE mapping in the non-LTE control region shall be same as legacy so that a legacy BL/CE UE can receive PDSCH successfully only in data region. To meet this, the PDSCH RE mapping in a subframe shall start from the first symbol in data region by following frequency first and time second, and then to LTE control region as shown in Figure 1. For UE supporting PDSCH transmission in LTE control region, the UE can receive additional parity coded bits transmitted in LTE control region thus achieving more coding gain. 



Figure 1: PDSCH RE mapping with data region first and control region second
Proposal 2: For PDSCH transmission in LTE control region, the RE mapping starts firstly from data region then LTE control region with frequency first and time second order 
For MPDCCH transmission in LTE control region, the RE mapping can follow the similar approach of PDSCH, i.e., starting from data region firstly then to control region. But different from PDSCH, the coding rate of MPDCCH is typically lower and additional coding gain from rate matching to all available OFDM symbols may not be as high as that of PDSCH. 
Table 1 compares the MPDCCH coding rate for different control region sizes considering K=29, 16 bits CRC, aggregation level 2, QPSK modulation and 2 CRS ports. This corresponds to a typical DCI size for DCI format 6-1A and the highest coding rate when repetition is used for MPDCCH. As can be seen from Table, the lowest coding rate as in normal subframe with zero symbol control region is still larger than 1/3, and thus rate matching around all the 14 OFDM symbols may provide some coding gains. But for a larger number of aggregation levels, such as 4, there is no coding gain since all the coding rates are lower than 1/3. Therefore, we prefer to copy part of MPDCCH in the data region to LTE control region. The benefit of this approach is to allow intra-subframe symbol-level combining which is useful for very low SNR
Table 1: MPDCCH coding rate with different control region sizes (K=29, 16 bits CRS, aggregation level 2, QPSK modulation and 2 CRS ports)
	
	Normal Subframe
	Special subframe config 8 (DwPTS=12 symbols)
	Special subframe config 3, 4 (DwPTS=11 symbols)

	Ctrl Region = 0 
	0.35 
	0.43 
	0.47 

	Ctrl Region = 1
	0.38 
	0.47 
	0.51 

	Ctrl Region = 2
	0.42 
	0.54 
	0.59 

	Ctrl Region = 3
	0.47 
	-
	-


Proposal 3: For MPDCCH transmission in LTE control region, part of MPDCCH mapped to the data region is copied to LTE control region 
2.3 Configuration
For configuration of the use of LTE control region for MPDCCH/PDSCH, several options can be considered.
· MIB
· SIB1-BR or SIBs
· RRC signaling

Among the above options, we prefer to use SIB1-BR or SIBs to configure the use of LTE control region for MPDCCH/PDSCH. For other options we will see potential limitations. Using MIB is limited by the signalling overhead although the benefit is to support SIB1-BR transmitted in LTE control region. If RRC signalling is used for configuration, then the use of LTE control region for MPDCCH/PDSCH is only supported for unicast transmission. Therefore, a good trade-off is to use SIB1-BR or SIBx to configure the use of LTE control region for MPDCCH/PDSCH.

According to [3], one scenario for using LTE control region for MPDCCH/PDSCH is for coexistence with NR. Different from LTE, the control channel in NR is not wideband transmitted. The NR network may configure a set of frequency-time resources as the CORESET (control resource set). Therefore, for coexistence with NR, the use of LTE control region for DL transmission may be narrowband or PRB specific, i.e., allowed for some narrowbands without NR control but not for other narrowbands with NR control. 

Proposal 4: The use of LTE control region is configured via system information. The configuration can be narrowband or PRB specific 

Furthermore, it shall be allowed that UE can be configured to receive MPDCCH/PDSCH only in the LTE control region. As shown in Figure 2, when LTE control region is used for downlink transmission, there could be three types of subframes. Although the first two are typical, the third one is also a valid case, for example, in the MBSFN subframes or the subframes reserved for SIB1-BR transmission or TDD special subframe configuration 0 and 5. 

[image: ] Figure 2: Three types of subframes for MPDCCH/PDSCH transmission
Proposal 5: MPDCCH/PDSCH transmission only in LTE control region or in special subframe configuration 0/5 shall also be supported 

2.4 Others
When LTE control region is indicated for MPDCCH/PDSCH transmission, there is a question whether to prevent the non-BL/CE UEs to access the cell. Therefore, it was proposed in [4] to have one bit signalling in MIB to indicate whether LTE control channels are transmitted or not. When the non-BL/CE UE reads the PBCH, it can obtain the information of network type and give up the SIB1 acquisition since there is no LTE control transmitted in the cell. This can save UE power and reduce the cell acquisition time. However, the 1-bit cell type indicator is only known to Rel-16 non-BL/CE UE, and the legacy LTE UEs shall follow the existing mechanism, i.e. reading the SIBs to get the cell barring information. 

Proposal 6: Preventing the non-BL/CE UEs from accessing the stand-alone eMTC system can be supported by using the existing cell barring mechanism 
3	Summary
In this contribution, we discuss the 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: Support MPDCCH broadcast transmission in LTE control region.
Proposal 2: For PDSCH transmission in LTE control region, the RE mapping starts firstly from data region then LTE control region with frequency first and time second order
Proposal 3: For MPDCCH transmission in LTE control region, part of MPDCCH mapped to the data region is copied to LTE control region
Proposal 4: The use of LTE control region is configured via system information. The configuration can be narrowband or PRB specific 
Proposal 5: MPDCCH/PDSCH transmission only in LTE control region or in special subframe configuration 0/5 shall also be supported 
Proposal 6: Preventing the non-BL/CE UEs from accessing the stand-alone eMTC system can be supported by using the existing cell barring mechanism 
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