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1 Introduction
In RAN#80, a new work item on MTC enhancements was approved (RP-181450) with the following objective:
Scheduling enhancement:
· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]

In the previous meeting, the following agreements were reached:

Agreement
A fixed subset of the candidates in the MPDCCH search space(s) are reserved for the precoder cycling fallback. The subset of candidates is designed in such a way that the UE complexity is taken into account for the following aspects:
· Number of channel estimations
· LLR storage
· Blind decodes are not increased
For comparable performance, the alternative with the smaller complexity will be selected.

Agreement
Rank-1 precoder is used for precoder cycling in distributed MPDCCH. 
· FFS whether and how predefined pairs of Rank-1 precoders specified.

Agreement
[bookmark: OLE_LINK222][bookmark: OLE_LINK223][bookmark: OLE_LINK224]The precoder set for 4Tx is the set of rank-1 precoders with indices 12, 13, 14, and 15

Agreement
For both distributed and localized MPDCCH, the granularity of precoding in the frequency domain is only 1 PRB. 

Agreement
Select one of the following alternatives (to be done in RAN1#98bis):
Precoder cycling in time domain is done
· Alt1: In a pseudo-random manner
· Alt2: Sequentially and in a cyclic manner

In this contribution, we present further details on how to enable CRS-based channel estimation for MPDCCH.
2 Remaining details for precoder cycling
Sequence and sets of precoders
The precoder cycling sequence can be based on one of the following options
· Pseudo-random: The precoders are based on a pseudo-random number generator. The main pro of this approach is that it randomizes the interference between different cells and UEs. Also, it is simpler than finding a general equation that would work for all cases.
· Deterministic: The specification can define an equation that sets the pattern.
In general, it is important to explore all the possible degrees of freedom, but at the same time some degree of randomization may be beneficial across subframes to e.g. randomize interference to neighboring cells. Thus, we propose that the sequence of precoders is pseudo-random across subframes, and deterministic in a given subframe (given the output of the pseudo-random sequence).
Proposal 1: For the precoder sequence:
- In the time domain, the sequence of precoders is selected based on the output of a binary pseudo-random sequence.
- In the frequency domain, the sequence of precoders is fixed.
	- For distributed MPDCCH, orthogonal set of precoders can be selected in the same PRB
Another remaining issue is what to do in the case of single CRS port. In this case, since there is no spatial degree of freedom, we propose to specify that CRS port zero is equivalent to any DMRS port.
Proposal 2: For single CRS port, all the DMRS ports are equivalent to the CRS port.
3 Operation for localized operation
In the previous meeting it was agreed to take into account the complexity of CSI-based mapping into the design of candidates. In the following, we analyse the complexity in terms of demodulation (LLR calculation) that is currently needed to decode the MPDCCH for localized operation. Some assumptions:
· We assume that the UE will only estimate the channel and calculate LLRs for a corresponding (PRB, port) if there is a candidate in that PRB that uses a given port.
· The minimum granularity for demodulation is 1 PRB.
· The UE performs cross-subframe CE, thus needs to separately demodulate candidates corresponding to different repetition levels.
In the following tables, we reproduce the set of candidates for 2,4, and 2+4 PRBs (from TS 36.213):
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	L'=2
	L'=4
	L'=8
	L'=16
	L'=24

	2 
	r1
	2
	1
	1
	0
	0

	4 
	
	1
	1
	1
	1
	0

	2
	r2
	2
	1
	1
	0
	0

	4
	
	1
	1
	1
	1
	0

	2
	r3
	2
	1
	1
	0
	0

	4
	
	1
	1
	1
	1
	0

	2
	r4
	2
	1
	1
	0
	0

	4
	
	1
	1
	1
	1
	0



	MPDCCH PRB set
	R
	


	
	
	L'=2
	L'=4
	L'=8
	L'=16
	L'=24

	2 PRB set in 2+4 PRB set
	r1
	1
	1
	0
	0
	0

	4 PRB set in 2+4 PRB set
	
	0
	0
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	1
	0

	Both PRB sets in 2+4 PRB set
	
	0
	0
	0
	0
	1

	2 PRB set in 2+4 PRB set
	r2

	0
	1
	1
	0
	0

	4 PRB set in 2+4 PRB set
	
	0
	0
	2
	1
	0

	Both PRB sets in 2+4 PRB set
	
	0
	0
	0
	0
	1

	2 PRB set in 2+4 PRB set
	r3

	0
	0
	0
	0
	0

	4 PRB set in 2+4 PRB set
	
	0
	0
	1
	1
	0

	Both PRB sets in 2+4 PRB set
	
	0
	0
	0
	0
	1

	2 PRB set in 2+4 PRB set
	r4

	0
	0
	0
	0
	0

	4 PRB set in 2+4 PRB set
	
	0
	0
	0
	0
	0

	Both PRB sets in 2+4 PRB set
	
	0
	0
	0
	0
	1



The number of demodulation operations is as follows
· 2 PRB set: For each repetition, the UE has to demodulate 2 PRBs corresponding to L’=4 and 8 (both use the same port), plus a maximum of an additional 2 PRBs for L’=2  Total number of demod: 4 PRBs per repetition level (maximum of 16).
· 4 PRB set: For each repetition, the UE has to demodulate 4 PRBs corresponding to L’=4,8,16 and up to 1 additional PRB corresponding to L’=2.  Total number of demod: 5 PRBs per repetition level (maximum of 20)
· 2+4 PRB set: For r1, the UE has to demodulate 6 PRBs for L’=4,8,16,24, and 1 additional PRB for L’=2. For the other repetition levels r2, r3, r4, the UE has to demodulate 6 PRBs  Total of 7 PRBs for r1 + 6 for reach of r2,r3,r4 (maximum of 25)
It is desirable that the maximum number of demodulation and channel estimation operations is not increased with respect to legacy operation, since this may prevent this feature from being implemented (increasing the envelope of MPDCCH may not be justified by this feature). 
With the constraint of not increasing the demodulation requirements, it is still possible to enable close loop operation as follows:
- For 2 and 4 PRBs, the envelope in terms of demodulation is smaller than in 2+4. For example, for the case of 2 PRBs, we could add up to 9 more PRBs for close loop demodulation without increasing the envelope (e.g. add a candidate with L’=8 for close loop operation for each of the repetition levels). For the case of 4 PRBs, we could add up to 5 more PRBs for close loop demodulation without increasing the envelope (e.g. add a candidate with L’=4 for close loop operation for each of the repetition levels).
- For 2+4 PRBs, we may enable close loop operation when the configured maximum number of repetitions is smaller than 8. In such a case, the number of demodulation operations is smaller, and we can add additional ones for close loop operation. For example, if we have 4 maximum repetitions for MPDCCH, the UE has to perform a total of 19 demodulation operations for r1=1, r2=2, r3=4, so it has an additional 6 PRBs to be used for close loop operation, which can be allocated to a candidate with L’=24 and single repetition. Note that, in general, the close loop operation will be more beneficial in cases where the coverage extension is not too extreme (in very low SNR regimes, there is loss of accuracy of CSI computation plus an increased delay due to presence of repetitions in physical channels), so limiting the usage of CSI-based mapping to the case of small maximum number (e.g., Rmax=1, 2 or 4) of repetitions may not be a big issue.

In view of the above, we make the following proposal:

Proposal 3: Under the following assumptions:
	- The UE only calculates LLRs (with a granularity of 1 PRB) for the pairs of PRB/ports for which it monitors candidates.
	- The UE performs cross-subframe channel estimation (i.e., candidates with different R are demodulated separately)
The design of close-loop MPDCCH is such that the UE is not required to demodulate more than 25 PRBs/ports in a given subframe for the case of 2 PRB set and 4 PRB set
	FFS: For 2+4 PRB set.

The addition of “close loop” candidates should not increase the number of blind decodings at the UE, which is capped at 20 in the current specification (including USS and CSS). For example, if we enable close loop operation, we may need to remove some of the candidates from the “precoder cycling” set to add them to the close loop operation.
Proposal 4: The design of close-loop MPDCCH is such that the UE is not required to perform more than 20 blind decodes in a given subframe (same as max number of blind decodes for legacy UEs). 

Based on the proposals above, a redesign of the candidate table may be needed (or, at least, a detailed table specifying which candidates are mapped for close loop operation). Since this task may be rather cumbersome, we propose to have an email discussion to finalize the details before RAN1#99

Proposal 5: Start an email discussion after RAN1#98bis to converge on the details of candidates / candidate table for close loop operation.

The technique above is useful for FDD operation with CSI feedback. In TDD, however, the network may resort to SRS-based reciprocity operation. In this case, the “closed loop” operation is not codebook-based, and thus the UE may not make any assumption on the precoder used by the eNB. If we enable this operation, then we could follow a similar approach as the one in proposal 3, but having the “closed loop” port not associated to CRS ports.
Proposal 6: For TDD operation, enable closed loop operation with reciprocity-based beamforming.


4 Conclusion
In this contribution we presented our views on how to perform MPDCCH-CRS mapping for improved channel estimation. We made the following proposals:
Proposal 1: For the precoder sequence:
- In the time domain, the sequence of precoders is selected based on the output of a binary pseudo-random sequence.
- In the frequency domain, the sequence of precoders is fixed.
	- For distributed MPDCCH, orthogonal set of precoders can be selected in the same PRB

Proposal 2: For single CRS port, all the DMRS ports are equivalent to the CRS port.

Proposal 3: Under the following assumptions:
	- The UE only calculates LLRs (with a granularity of 1 PRB) for the pairs of PRB/ports for which it monitors candidates.
	- The UE performs cross-subframe channel estimation (i.e., candidates with different R are demodulated separately)
The design of close-loop MPDCCH is such that the UE is not required to demodulate more than 25 PRBs/ports in a given subframe for the case of 2 PRB set and 4 PRB set
	FFS: For 2+4 PRB set.

Proposal 4: The design of close-loop MPDCCH is such that the UE is not required to perform more than 20 blind decodes in a given subframe (same as max number of blind decodes for legacy UEs). 

Proposal 5: Start an email discussion after RAN1#98bis to converge on the details of candidates / candidate table for close loop operation.

Proposal 6: For TDD operation, enable closed loop operation with reciprocity-based beamforming.
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