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Discussion and Decision
1 Introduction

In RAN1#98, the following agreements were made –

· 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.

· Rank-1 precoder is used for precoder cycling in distributed MPDCCH. 

· FFS whether and how predefined pairs of Rank-1 precoders specified.
· The precoder set for 4Tx is the set of rank-1 precoders with indices 12, 13, 14, and 15
· For both distributed and localized MPDCCH, the granularity of precoding in the frequency domain is only 1 PRB.
· 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 consider remaining details for MPDCCH performance improvement by using CRS.
2 MPDCCH Performance Improvement
In RAN1#98, good progress was made regarding MPDCCH performance improvement. Key remaining issues include details of the configurations, which are addressed in this contribution.
Precoder cycling in time domain
In RAN1#98, it was agreed to select one of the following alternatives in RAN1#98bis for precoder cycling in time domain –

· Alt1: In a pseudo-random manner. In this case, the precoders change in a pseudo-random manner in the time domain but sequentially in the frequency domain. Although this is more complicated, it can help to provide different starting precoder selection for different MPDCCH transmissions. It can also provide more precoding diversity benefit when there is little or no repetitions used for the MPDCCH (e.g. for different candidates).
· Alt2: Sequentially and in a cyclic manner. This is a simple scheme where the precoders can be used sequentially in both time and frequency domain. It can guarantee good distribution of used precoders among the subframes used by the MPDCCH. This alternative is better when the MPDCCH uses many repetitions.
The two possible precoder cycling options are in Figure 1. When looking at the two alternatives, we prefer Alt. 2 as this provides more even distribution of used precoders in time domain among the subframes used by the MPDCCH. In the frequency domain, the precoders are already sequentially updated after every 1 PRB. Therefore, it doesn’t seem necessary to introduce further pseudo-random starting point in the time domain. Furthermore, in our view it is more important to focus on the case with large number of repetitions as channel estimation performance can be most improved in those cases. In this case, it is more important to have good distribution of starting precoders rather than to start in a pseudo-random manner.
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Figure 1. CRS precoder cycling options.
Based on the discussion above, it is proposed that the precoders are updated sequentially and in a cyclic manner in time and frequency domain. As agreed, the update will be every 1 PRB in frequency domain and every Ych subframes in the time domain.
Proposal 1: The precoders are updated sequentially and in a cyclic manner in time and frequency domain.
Fallback mode
In RAN1#98, it was agreed that a fixed subset of the candidates in the MPDCCH search space(s) will be reserved for the precoder cycling fallback. Furthermore, the subset of candidates should be designed in such a way that the UE complexity (e.g. number of channel estimations, LLR storage, blind decoding) is considered. As noted in [2], the error event which will require fallback mechanism should be rare. In order to have this error event, the CSI feedback must be received in error (typical error rate of 1-5%) and the eNB would also need to schedule the UE using erroneous precoder. And even when there is a precoder mismatch, the UE may still be able to correctly decode the MPDCCH given sufficient redundancy (e.g. if there is only 1 UE to schedule the eNB may choose to use larger aggregation level to provide redundancy). 
The following options for MPDCCH candidates for fallback have been proposed –

· Configure 2 MPDCCH PRB sets, one for mapping based on CSI report and another for precoder cycling, are supported. This will unnecessary increase the number of blind detections since UE has to now monitor different PRB sets. Since the error case requiring fallback is expected to be low. This option is not preferred.
· Candidates with the aggregation level(s). In this case, certain aggregation levels (e.g. the highest one) may be reserved for fallback. Typically, CSI-based precoding should significantly improve channel estimation performance and therefore candidates associated with highest aggregation levels may not be needed and can therefore be reserved for fallback.
· Candidates with certain number of repetitions. In this case, certain repetition levels (e.g. the highest one) may be reserved for fallback. Similar to the case with aggregation level, CSI-based precoding should significantly improve channel estimation performance and therefore candidates associated with highest repetition levels may not be needed and can therefore be reserved for fallback.
Table 1 and Table 2 from 36.213 show the MPDCCH candidates for CE Mode A.
Table 1. MPDCCH candidates monitored by a BL/CE UE, (CEModeA, MPDCCH-PRB-set size – 2PRBs or 4PRBs).
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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


Table 2. MPDCCH candidates monitored by a BL/CE UE, (CEModeA, MPDCCH-PRB-set size – 2+4PRBs).
	MPDCCH PRB set
	R
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	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
	2
	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


From the tables, it can be seen that it would be difficult to select fallback candidates based solely on the number of repetitions or aggregation levels. Therefore, it is proposed to select some candidates from the tables based on both aggregation levels and number of repetitions.
For instance, the MPDCCH candidates highlighted in yellow in Table 1 and Table 2 may be predefined as fallback candidates. These candidates have larger number of repetitions and aggregations. In addition, only few candidates are selected as fallback candidates since it is expected that fallback will be the exception.
Proposal 2: For precoding cycling fallback when using CSI-based precoding, select some MPDCCH candidates based on aggregation level and number of repetitions as the fallback candidates.
Idle mode configuration

In RAN1#95, it was agreed that for UE in idle mode, the configuration of CRS for MPDCCH performance improvement is indicated via SIB/SI. Furthermore, since UE in idle mode only receives distributed MPDCCH, predefined mapping between CRS ports and MPDCCH DMRS ports would be used. In addition, precoder cycling is to be used. The details, however, are FFS.

The aim of distributed MPDCCH is to provide diversity. This can be done in both time and frequency domain, that is, the precoder changes in both time and frequency domain. Previously, the precoder can change every PRB. To support better channel estimation in the frequency domain, the precoder can remain the same for a number of PRBs. Similarly, to better support coherent cross-subframe channel estimation, the precoder can remain the same for a number of subframes. This is shown in Figure 1. From a configuration perspective, the eNB would then signal the number of PRBs and number of subframes that each precoder remains valid.

As discussed previously, it was FFS the order and pattern of the used precoder in time and frequency domain for precoder cycling. In term of configuration, the eNB can signal only the starting subframe for precoder initialization. Alternately, this could be predefined in the specification, e.g. as a function of the narrowband. This will reduce the signaling required to support this feature.

Proposal 3: For UEs in idle mode, consider supporting predefined precoding pattern in specification.
3 Conclusions

In this contribution, we consider MPDCCH performance improvement by using CRS in addition to DMRS and make the proposals –
Proposal 1: The precoders are updated sequentially and in a cyclic manner in time and frequency domain.
Proposal 2: For precoding cycling fallback when using CSI-based precoding, select some MPDCCH candidates based on aggregation level and number of repetitions as the fallback candidates.
Proposal 3: For UEs in idle mode, consider supporting predefined precoding pattern in specification.
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