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Discussion and Decision
1 Introduction

One of the objectives for Rel-16 additional MTC enhancements is to specify CE mode A and B improvements for non-BL UEs. In RAN1 #98bis, the following agreements were made in relation to this topic [1]:
Agreement
Submode 2 is supported for PUCCH mode 1-1 for non-BL UEs in CE mode A

· No further PMI enhancement in Rel-16 for aperiodic CSI report
Agreement
Assuming RI=1, Table 7.2.2-1D in TS 36.213 is reused without modification for the support of CSI-RS based CSI feedback for non-BL UEs in CE mode A. 

· The RI is not reported.

Agreement
For CSI-RS based CSI feedback for non-BL UE in CE mode A, CSI reference resource in the frequency domain is the narrowband(s) used for MPDCCH monitoring

· This is same as in Rel-15

Agreement
For ETWS/CMAS indication to a non-BL UE in CE in connected mode via DCI using Type 0 CSS, following DCI format is used for ETWS/CMAS notification 

· DCI format 6-1A/B with a RNTI (e.g. SI-RNTI which is up to RAN2) for ETWS/CMAS notification

In this contribution, we further discuss CE mode A improvements for non-BL UEs and make some proposals.
2 Discussion
In RAN1 #98bis, it was agreed that DCI format 6-1A/B with an RNTI will be used for ETWS/CMAS indication to a non-BL UE in connected mode. While the choice of RNTI is up to RAN2, details of the DCI format still need to be decided. 
The number of bits in DCI Format 6-1A depends on both cell-specific system parameters and UE-specific parameters configured by the higher layer, as shown in Table 1 for DCI format 6-1A and Table 2 for DCI format 6-1B. Specifically, the DAI field in format 6-1A can be 0, 2, or 4 bits long depending on the what values are configured for the higher layer parameters related to UE-specific PUCCH configuration. Since the ETWS/CMAS indication is common to all UEs, however, the number of bits must be independent of UE-specific parameters. Therefore, assuming any one of the three allowable values of the DAI field, the DCI size would match the DCI format for PDSCH scheduling for some UEs but not others. This is true even when the size of the fields dependent on common system parameters (resource block assignment for both formats and TPMI info for precoding for Format 6-1B) are kept the same as for PDSCH scheduling. The impact of this is that UEs in CE mode A for whom the size of the DCI used for ETWS/CMAS indication does not match that for PDSCH scheduling have to decode a new DCI format, which increases the blind decoding complexity for these UEs.
Observation 1: Fixing the DCI size for ETWS/CMAS notification to a common value for the cell causes the DCI size to be different from that for PDSCH scheduling for at least some UEs in CE mode A, leading to increased decoding complexity.
Table 1. DCI Format 6-1A
	Field
	Size (bits)

	Flag for 6-0A/6-1A differentiation
	1

	Frequency hopping flag
	1

	Resource block assignment
	ceil(log2(floor(N_RB^DL/6)) + 5

	MCS
	4

	Repetition number
	2

	HARQ process number
	3 (FDD), 4 (TDD)

	NDI
	1

	Redundancy version
	2

	TPC command for PUCCH
	2

	DAI
	0/2/4

	Antenna port(s) and scrambling identity
	2

	SRS request
	1

	TPMI info for precoding
	2/4

	PMI confirmation for precoding
	1

	HARQ-ACK resource offset
	2

	DCI subframe repetition number
	2


Table 2. DCI Format 6-1B
	Field
	Size (bits)

	Flag for 6-0B/6-1B differentiation
	1

	MCS
	4

	Resource block assignment
	ceil(log2(floor(N_RB^DL/6)) + 1

	Repetition number
	3

	HARQ process number
	1

	NDI
	1

	HARQ-ACK resource offset
	2

	DCI subframe repetition number
	2


In view of the increased decoding complexity, our view is that the decision to use DCI format 6-1A/B for ETWS/CMAS notification must be reconsidered. If the decision is maintained, however, some system design changes can prevent the impact from being experienced by only some UEs in CE mode A. One possible approach is to cycle through the three possible DCI sizes with some predetermined period so that the UE needs to monitor one less DCI at paging occasions where the DCI size for ETWS/CMAS notification matches that for PDSCH scheduling. For example, the size of the DCI field that the UE assumes in a particular PO can be determined as follows:
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DAI field size = 2 [( od(S)]




Where SFN is the system frame number where the PO occurs, H_SFN is the hyperframe number, and T is the largest value among the cell-specific and UE-specific DRX cycles for all UEs in the cell that are in CE mode A. This results in correspondingly three different DCI sizes for ETWS/CMAS notification. The UE assumes a cyclically varying DCI size according to the above pattern.
Observation 2: The increased decoding complexity for monitoring ETWS/CMAS notification can be shared by all UEs in CE mode A by defining a cyclical pattern for the three different DCI sizes in different POs.
Another approach for the UE to completely avoid the increased decoding complexity is to follow the cyclical pattern for DCI size as described above, but to monitor the paging occasions only when the DCI size for ETWS/CMAS notification matches the DCI format 6-1A size for PDSCH scheduling. This increases latency, however, and may not be desirable.
Proposal 1: Reconsider the decision to use DCI format 6-1A/B for ETWS/CMAS notification. If that is not possible, for determination of the total DCI size, the following assumptions are made with regard to the field sizes.

· For Format 6-1A, the number of bits assumed for the DAI field is periodically cycled among 0, 2, and 4.
· For Format 6-1A/B, the sizes of the DCI fields that are dependent on system parameters are assumed the same as for PDSCH scheduling.
Only two bits of information need to be carried in the DCI for ETWS and CMAS indication. Therefore, at least some of the remaining bits in the DCI can be used for redundancy or as check bits to achieve a low false alarm rate. For simplicity of specification, repetition of the ETWS/CMAS bits using a predefined number of repetitions can be supported. For example, the number of repetitions can correspond to the largest number that can be accommodated for the case of the smallest DCI size. The repeated bits can be zero-padded to achieve the DCI size.
Proposal 2: The 2 bits used for ETWS/CMAS indication are repeated X number of times to obtain a field size of 2X bits followed by padded zeros to achieve the desired DCI size. FFS the value of X.
3 Conclusions

In this contribution, CE mode A improvements for non-BL UEs are discussed. The following observations and proposals are made.
Observation 1: Fixing the DCI size for ETWS/CMAS notification to a common value for the cell causes the DCI size to be different from that for PDSCH scheduling for at least some UEs in CE mode A, leading to increased decoding complexity.

Observation 2: The increased decoding complexity for monitoring ETWS/CMAS notification can be shared by all UEs in CE mode A by defining a cyclical pattern for the three different DCI sizes in different POs.
Proposal 1: Reconsider the decision to use DCI format 6-1A/B for ETWS/CMAS notification. If that is not possible, for determination of the total DCI size, the following assumptions are made with regard to the field sizes.

· For Format 6-1A, the number of bits assumed for the DAI field is periodically cycled among 0, 2, and 4.
· For Format 6-1A/B, the sizes of the DCI fields that are dependent on system parameters are assumed the same as for PDSCH scheduling.
Proposal 2: The 2 bits used for ETWS/CMAS indication are repeated X number of times to obtain a field size of 2X bits followed by padded zeros to achieve the desired DCI size. FFS the value of X.
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