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1. Introduction
In RAN1#82, the following agreements/observations were reached: 
· Confirm the Working Assumption with the revised description of the same:

· Following four DCI formats are defined.

· DCI format used for scheduling PDSCH for no and small repetition levels. (=DCI format M1A)

· DCI format used for scheduling PUSCH for no and small repetition levels. (= DCI format M0A)

· DCI format used for scheduling PDSCH for other repetition levels. (= DCI format M1B) 

· DCI format used for scheduling PUSCH for other repetition levels. (= DCI format M0B)

· DCI format M1A size and DCI format M1B size can be different

· DCI format M0A size and DCI format M0B size can be different

· FFS whether DCI format M1A size and DCI format M0A size are same

· FFS whether DCI format M1B size and DCI format M0B size are same

· UE monitors only either of following. 

· to receive only DCI format M1A and DCI format M0A

· to receive only DCI format M1B and DCI format M0B

· FFS DCI format described here can be from the existing DCI format size(s)

· DCI format M1A size and DCI format M0A size are targeted to be the same

· DCI format M1B size and DCI format M0B size are targeted to be the same
2. Reduced DCI format 
Due to the limitations of eMTC operation (e.g. limited TB size, narrowband operation) the size of DCI can be reduced. In this section we present some guidelines for DCI payload reduction in the different fields.

· Limited resource allocation: Due to narrowband operation, less bits are needed to signal assignments. For example, for a 10MHz channel:
· For PDSCH same-subframe scheduling, a maximum of 5 RB can be assigned (the other will be used by MPDCCH). 15 possibilities ( 4 bits.

· For PDSCH cross-subframe scheduling, or PUSCH, a maximum of 6RB are assigned. If non-overlapped narrowbands are used, there is a total of 8 narrowbands with 21 allocation possibilities in each (8 bits.

· For power-limited UE (i.e., bundled PUSCH), the RB allocation can be set to 1RB. Due to the low SNR regime, the UE is not able to exploit the additional degrees of freedom offered by multiple RB allocation, and in turn the channel estimation is degraded due to a lower PSD. If we limit the RB allocation to 1, the number of combinations is 50 (the number of RB), thus using 6 bits. The remaining 2 bits can be used to signal up to 4 different bundle sizes.

· For bundled case assume always deterministic RV sequence (2 bit saving)
· Reduced MCS set: The maximum TB size is 1000 bits, and only QPSK asd 16QAM are supported. The number of available MCS is MCS 0-16. If we reduce by 1 the number of MCS, we can signal the MCS in 4 bits.
· Localized/distributed RB flag (DL) or multi-cluster flag (UL): can be removed.

· Reduction in other fields: Use reduced precision for TPC, DMRS cyclic shift, etc.

Proposal 1: Use compact DCI format to signal UL and DL assignments. The compact DCI can be different for CE and normal coverage UE.
Additionally, it would be desirable to have a smaller number of MPDCCH blind decodes for complexity and power consumption reduction. This would also enable the reduction of the CRC size (for the same probability of false alarm). 

Proposal 2: Reduce the number of decoding candidates for MPDCCH. 
3. Determination of repetition level for PDSCH
It is currently agreed that the repetition level for unicast PDSCH/PUSCH is dynamically indicated based on a set of values from higher layers. This bundle size determination is especially important when UE are operating in a time-varying environment, such that higher repetition levels may be needed if the radio conditions of a UE get worse. For example, consider a UE operating in 10dB CE level. The UE may use a bundle size of X, but if the channel gets worse because of fading, the UE might need a bundle size of 2X. This is especially useful for cases like triggering an RRC reconfiguration to move a UE to a higher coverage enhancement level. In such a case, the corresponding MPDCCH scheduling the PDSCH may also require a higher bundle level. Therefore, at least for PDSCH, it is important to create some dependency between the bundle size of PDSCH and that of MPDCCH.

A possible implementation is as follows: there is a 1-bit field in DCI named BundleSize. The UE is monitoring MPDCCH with aggregation level 24 (6 RB) and repetition levels 2 and 4. The bundle size determination can be performed by using the following table:

	MPDCCH repetition level
	BundleSize field (1 bit)
	Bundle size of PDSCH

	2
	0
	10

	2
	1
	20

	4
	0
	40

	4
	1
	60


Thus, the main idea is that the BundleSize field is interpreted in a different way depending on the repetition level of the decoded MPDCCH. In the DCI email discussion it was proposed by some companies to have 8 possible PDSCH bundle sizes. As it is unlikely that the eNB uses the smallest MPDCCH repetition level with the largest PDSCH bundle size, it might be useful to link these two values together in order to reduce the DCI size.

Proposal 3: The bundle size at least for unicast PDSCH is derived from the MPDCCH repetition level and a field in DCI (e.g. 8 values are derived from MPDCCH repetition level + 2 bits).

4. Handling of multiple TM

It is already agreed in RAN1 to support multiple TM, more precisely TM9 and TM6 are supported. In legacy LTE, these TM are associated with different DCI formats, as they require different fields. For example, TM6 requires the grant to include TPMI/PMI information, which will increase the number of bits by 3. In these cases, the UE should monitor for fallback grant (M1A), and additionally for this other grant. 

Observation 1: TM6 requires the transmission in DCI of TPMI, which is not included in DCI format M1A.

We propose to monitor DCI M1A in a reduced number of candidates/subframes as a fallback mechanism to DCI M1C (related to TM6, for example). For example, the UE can monitor the UE-specific search space for DCI M1C and the common search space for DCI M1A.
Proposal 4: When configured with more than one TM, the UE monitors DCI M1A as a fallback in a reduced number of candidates/common search space.

5. Summary

Proposal 1: Use compact DCI format to signal UL and DL assignments. The compact DCI can be different for CE and normal coverage UE.
Proposal 2: Reduce the number of decoding candidates for MPDCCH. Size of UL and DL DCI are the same.

Proposal 3: The bundle size at least for unicast PDSCH is derived from the MPDCCH repetition level and a field in DCI (e.g. 8 values are derived from MPDCCH repetition level + 2 bits).

Observation 1: TM6 requires the transmission in DCI of TPMI, which is not included in DCI format M1A.

Proposal 4: When configured with more than one TM, the UE monitors DCI M1A as a fallback in a reduced number of candidates/common search space 
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