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Discussion and Decision
1 Introduction

In RAN1#98bis, the following agreements were made –

· Precoder cycling in time domain is done sequentially and in a cyclic manner 

· FFS whether it is combined with periodic pseudo random initialization

· Select one of the following in RAN1#99

· Alt1: For 2 Tx in the distributed transmission, fixed two precoders (0,1) are paired for every subframe and PRB.

· Alt2: For 2 Tx in the distributed transmission, precoder set { (0,1), (1,0) } is used for precoder cycling 

· Select one of the following in RAN1#99

· Alt1: The predefined pairs of rank-1 precoders {12,13} and {14,15} can be cyclically used in the frequency domain

· Alt2: The predefined pairs of rank-1 precoders (12,13), (14,15), (15,12), (13,14) are used for precoder cycling in the frequency domain.

In addition, it was agreed to have an email discussion on PDCCH candidates for precoding cycling. In this contribution, we consider remaining details for MPDCCH performance improvement by using CRS.
2 MPDCCH Performance Improvement
Precoder cycling
In RAN1#98bis, it was agreed –

· Precoder cycling in time domain is done sequentially and in a cyclic manner 

· FFS whether it is combined with periodic pseudo random initialization
In [2], it was noted that performance can be improved if periodic pseudo-random initialization is used. In this case, the precoders change periodically 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. As agreed, the update will be every 1 PRB in frequency domain and every Ych subframes in the time domain.

The main argument for using pseudo-random initialization is that it can provide more precoding diversity benefit when there is little or no repetitions used for the MPDCCH (e.g. for different candidates). An example given is for localized MPDCCH without repetition and in one or a few PRBs (2 PRBs used in the example). This is the likely scenario for continuous scheduling of PUSCH. However, this seems to be only an issue mostly under the following conditions: 4Tx, small number or MPDCCH PRB set and no repetition (i.e. the same precoder will always be used). Given that the MPDCCH performance is coarse due to the aggregation level granularity, link-level performance enhancement may not lead to system-level improvement. Therefore we think that this is an unnecessary optimization that will benefit only few cases in practice. In addition, the issue seems only to affect performance of the MPDCCH scheduling HARQ retransmission, which should already be infrequent given the 10% target BLER for PDSCH and 1% target BLER for MPDCCH. Therefore, we proposed that periodic pseudo-random initialization is not used.

Proposal 1: Periodic pseudo-random intialization in time domain is not supported.
Precoders

In RAN1#98bis, it was agreed –

· Select one of the following in RAN1#99

· Alt1: For 2 Tx in the distributed transmission, fixed two precoders (0,1) are paired for every subframe and PRB.

· Alt2: For 2 Tx in the distributed transmission, precoder set { (0,1), (1,0) } is used for precoder cycling
As noted in [4], performance is expected to be similar for fixed precoders versus precoder cycling. However, this would not provide spatial diversity as the precoder will not be cycled in the frequency and time domain. Thus, in some scenarios (e.g. certain channel conditions) this may result in worse performance. Therefore, it is preferred that the precoders are cycled to ensure spatial diversity. Although this will increase complexity somewhat, it is better to ensure that performance does not degrade in some scenarios and may also provide some intercell interference randomization. In addition, for 4 Tx antennas, some precoder cycling will definitely be used, so both network and UE will have to handle this case anyway and therefore complexity should not be an issue.
Proposal 2: For 2 Tx in the distributed transmission, precoder set { (0,1), (1,0) } is used for precoder cycling.

In RAN1#98bis, it was agreed –

· Select one of the following in RAN1#99

· Alt1: The predefined pairs of rank-1 precoders {12,13} and {14,15} can be cyclically used in the frequency domain

· Alt2: The predefined pairs of rank-1 precoders (12,13), (14,15), (15,12), (13,14) are used for precoder cycling in the frequency domain.
Similar to the discussion above, it is noted in [4] that performance is expected to be similar when cycling through 2 versus 4 precoders. However, anyway as cycling is used in this case and complexity increase in minimal going from 2 to 4 precoders, it is beneficial to cycle through all rank-1 precoders for each antenna port to prevent degradation in some scenarios and to possibly provide some intercell interference randomization. 
Proposal 3: For 4 Tx in the distributed transmission, the predefined pairs of rank-1 precoders (12,13), (14,15), (15,12), (13,14) are used for precoder cycling in the frequency domain.

Fallback candidates
In RAN1#98bis, the issue for fallback candidates was discussed both online and in subsequent email discussion. The background is the agreement from RAN1#98 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 –

· Using MPDCCH-Type0 common search space as a fallback. This allows all MPDCCH candidates to still be available for CSI-based precoding.
· 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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	1
	1
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	1
	1
	1
	1
	0
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	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
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	L'=2
	L'=4
	L'=8
	L'=16
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	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 4: 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. Possible candidates are given in Table 1 and Table 2.
3 Conclusions

In this contribution, we consider MPDCCH performance improvement by using CRS in addition to DMRS and make the proposals –
Proposal 1: Periodic pseudo-random intialization in time domain is not supported.
Proposal 2: For 2 Tx in the distributed transmission, precoder set { (0,1), (1,0) } is used for precoder cycling.

Proposal 3: For 4 Tx in the distributed transmission, the predefined pairs of rank-1 precoders (12,13), (14,15), (15,12), (13,14) are used for precoder cycling in the frequency domain.

Proposal 4: 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. Possible candidates are given in Table 1 and Table 2.
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