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In RAN1#96bis meeting, the following agreements for MPDCCH performance improvement were made [1]:
· When CSI-based precoding is configured:
· The UE monitors a set of MPDCCH candidates assuming the mapping between DMRS and CRS ports is based on a previously reported PMI. 
· FFS details, including delay for applicability of PMI.
· A fallback mechanism is supported. The details of the fallback mechanism are FFS.
· For precoding cycling for 2Tx antennas, predefine one precoder set which consists of 2 existing precoders.  FFS: Which of the two precoder among the existing 2TX precoders are used.
· For precoding cycling for 4Tx antennas, predefine one precoder set which consists of 4 existing precoders.  FFS: Which of the four precoder among the existing 4TX precoders are used.
· The precoding cycling in time domain has a granularity of YCH (granularity of frequency hopping) only.
· Precoder cycling can be used even in case frequency hopping is not used as long as YCH is configured
In this contribution, we further discuss MPDCCH performance improvement by using CRS.
2. Discussion
1 
2 
Predefined mapping
Precoder Set
For precoder cycling, the precoder sets with 2 existing precoders and 4 existing precoders are approved for 2Tx antennas and 4Tx antennas respectively. For distributed MPDCCH, it is considered to use rank-1 precoder or rank-2 precoder for precoder cycling because two DMRS ports are configured. In our opinion, distributed MPDCCH using rank-2 precoder has some disadvantages compared to that using rank-1 precoder. Firstly, it is not clear that MPDCCH data block is mapped to one layer or two layers. If the data is mapped to two layers, inter-layer interference will occur. And if the data is mapped to one layer and 0 is set on the other layer, layer switching needs to be specified. Moreover, the existing rank-2 precoder cannot directly be applied for single layer data and it needs to be re-normalized by power. Secondly, rank-2 precoder increases UE complexity since rank-2 channel estimation and LMMSE detection are performed in receiver. Then, from the perspective of sampling specifications, distributed and localized MPDCCH should use the same precoder set. In summary, rank-1 precoder should be used for precoder cycling in distributed MPDCCH. 
Proposal 1: Rank-1 precoder should be used for precoder cycling in distributed MPDCCH.
In a precoder set, it should be ensured that there are divergent vector directions as much as possible between the precoders to obtain more diversity gain.
For 2Tx antennas, there are 4 single-layer precoders which correspond to 4 vector directions in Rel-8. Thus, precoder set should consist of the two existing precoders with the opposite vector directions for precoder cycling, i.e. precoder {0, 1} or {2, 3}. Figure 1 shows the BLER performance of precoder cycling with different precoder sets. From this figure, we can conclude that precoder set with {0, 1} has similar performance as precoder set with all four precoders and precoder set with {0, 1} has better performance than precoder set with {0, 2} for 2Tx antennas.
Observation 1: For 2Tx antennas, precoder set with {0, 1} has similar performance as precoder set with all four precoders, and the performance of precoder set with {0, 1} is better than that of precoder set with {0, 2}.
Proposal 2: For 2Tx antennas, two existing precoders with the opposite vector directions should be selected for precoder set, e.g. {0, 1}.
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Figure 1 BLER performance for precoders cycling for 2Tx antennas
For 4Tx antennas, there are 16 single-layer precoders wherein every 4 precoders is one group of orthogonal precoders. And the four groups of orthogonal precoders are respectively {0,1,2,3}, {4,5,6,7}, {8,9,10,11} and {12,13,14,15}. It can be considered that the precoder set consists of the four existing precoders with the angle difference of pi/2 or pi between their vector directions, e.g. {0, 1, 2, 3} or {4, 5, 6, 7}. Figure 2 shows the BLER performance of precoder cycling with different precoder sets. It can be observed that the performance of the precoder sets with {0,1,2,3} and {4,5,6,7} is slightly better than other precoder sets. 
[bookmark: _GoBack]Proposal 3: For 4Tx antennas, the four existing precoders with the angle difference of pi/2 or pi between their vector directions could be selected for precoder set, e.g. {0, 1, 2, 3} or {4, 5, 6, 7}.
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Figure 2 BLER performance for precoders cycling for 4Tx antennas
Precoder cycling
Based on the precoder set, the precoders can be used cyclically in time and frequency domain respectively. In particular, in frequency domain, the precoders in the set can be used sequentially and cyclically in a subframe and precoder is updated per NGranu PRBs. In time domain, the precoders can be used sequentially and cyclically across subframes for a PRB. 
For localized MPDCCH, only one precoder can be used for a set of NGranu PRBs since one DMRS port is configured. It is assumed that the precoder set contains N precoders, which are sequentially numbered from 0 to N-1. Based on the above precoder cycling, the precoder number used by the k-th PRB in the l-th subframe can be represented as . Figure 3 shows a case of the precoder cycling for localized MPDCCH.


Figure 3 Precoder cycling for localized MPDCCH (4Tx antennas, MPDCCH-PRB-set = 4 PRBs, granularity = 1PRB)
For distributed MPDCCH, two DMRS ports are configured and each RE in an EREG is associated with one out of these two DMRS ports in an alternating manner. So one PRB can use two 1-layer precoders which respectively correspond to two DMRS ports. In a set of NGranu PRBs, the REs can switch precoder between two 1-layer precoders via DMRS port switching to obtain diversity gain. And between sets of NGranu PRBs, these two precoders can be updated if the size of precoder set is larger than 2. Thus, the two precoder number used by the k-th PRB in the l-th subframe can be represented as  and . Figure 4 shows a case of the precoder cycling for distributed MPDCCH.


Figure 4 Precoder cycling for distributed MPDCCH (4Tx antennas, MPDCCH-PRB-set = 4 PRBs, granularity = 1PRB)
To verify the performance of the above precoder cycling, Figure 5 and 6 show the performance comparison of precoder cycling and fixed precoder. In the simulation, the granularity of precoder cycling is 1 PRB for frequency domain and 1 ms for time domain. From Figure 5 and 6, it can be observed that, for 2Tx antennas, the precoder cycling shows the performance gain of 1.9 dB for no repetition and 3.4 dB for 32 repetitions at BLER=0.01 compared to fixed precoder for localized MPDCCH. And For 4Tx antennas, the precoder cycling shows the performance gain of 3.8~4.9 dB for localized MPDCCH and about 2 dB for distributed MPDCCH at BLER=0.01.
Proposal 4: For precoder cycling, the precoders in the precoder set are used sequentially and cyclically.
· In a subframe, the precoders are used sequentially and cyclically and precoder is updated per NGranu PRBs.
· [bookmark: OLE_LINK9]For a PRB, the precoders are used sequentially and cyclically across subframes.
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Figure 5 BLER performance for precoder cycling for 2Tx antennas
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Figure 6 BLER performance for precoder cycling for 4Tx antennas
Granularity of precoder cycling
Since precoding cycling in time domain with a granularity of Ych is supported, the number of precoders which an MPDCCH packet traverses in time domain can be derived based on the number of repetitions R and the time granularity Ych. And the details are given in Table 1. 
Table 1 Number of precoders traversed in time domain for an MPDCCH packet
	Cases
	The number of precoders traversed in time domain

	
	Ceil(R/Ych)=1
	R/Ych=2
	R/Ych>=4

	Localized, 2Tx antennas  (2 precoders)
	1
	2
	2

	Localized, 4Tx antennas  (4 precoders)
	1
	2
	4

	Distributed, 2Tx antennas (2 precoders)
	2
	2
	2

	Distributed, 4Tx antennas (4 precoders)
	2
	4
	4


For the highlight cases in Table 1, an MPDCCH packet can traverse all the precoders in time domain at least one time. In this case, the performance of the granularity with 4 PRBs and 1 PRB are shown in Figure 7 and 8. From the simulation result, it can be observed that the frequency granularity of 4 PRBs and 1 PRB have the same diversity gain. This implies that the precoder cycling in time domain can provide the full diversity gain when an MPDCCH packet traverses all the precoders. Hence, the frequency granularity NGranu can be set to the number of PRBs in MPDCCH-PRB-set(s). That is, all PRBs in a sub-frame use the same precoder(s). Thus, cross-PRB channel estimation can be used to improve performance in receiver.
Observation 2: When an MPDCCH packet can traverse all the precoders in time domain, the update granularity of all PRBs and 1 PRB in frequency domain have the same diversity gain.
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Figure 7 BLER performance of precoder cycling for localized MPDCCH with 4 and 32 repetitions (ETU5)
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Figure 8 BLER performance of precoder cycling for distributed MPDCCH with 4 and 32 repetitions (ETU5)
For the other 4 cases in Table 1, an MPDCCH packet cannot traverse all the precoders in time domain, so frequency domain precoder cycling is necessary. Thus, the corresponding granularity of precoder cycling in frequency domain needs further study. We simulated the performance of the granularity with 1, 2 and 4 PRBs based on these four cases. In this simulation, cross-PRB channel estimation is used when the granularity is more than 1 PRB. And simulation results are given in Figure 9.
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Figure 9 BLER performance of the granularity with 1, 2 and 4 PRBs (ETU5)
From Figure 9, it can be observed that:
Observation 3: For localized MPDCCH with 2Tx antennas, the granularity of 1 PRB has better performance than the granularity of 2 and 4 PRBs when the number of repetitions is equal to 1 and Ych is 1.
Observation 4: For localized MPDCCH with 4Tx antennas, the granularity of 1 PRB has better performance than the granularity of 2 and 4 PRBs when the number of repetitions is equal to 1 or 2 and Ych is 1.
Observation 5: For distributed MPDCCH with 4Tx antennas, the granularity of 1 and 2 PRBs have the similar performance when the number of repetitions is equal to 1 and Ych is 1.
In summary, when R/Ych is larger than or equal to the number of the precoders, the granularity of NGranu in frequency domain can be set to the number of PRB in MPDCCH-PRB-set(s). When R/Ych is smaller than the number of the precoders, the granularity NGranu in frequency domain can be set to 1 PRB. Since the number of repetitions R needs to be blindly detected by the UE, a reference value R0 can be defined instead of R to determine the granularity in frequency domain. In order to ensure sufficient diversity gain for each MPDCCH packet, R0 may be defined as below:
· R0=1 for Rmax = 1, 2, 4
· R0=Rmax/8 for Rmax  8
Correspondingly, UE is expected to detect the MPDCCH based on the frequency granularity which is determined according to R0/Ych and the number of the precoders in the precoder set. Thus, the granularity in time domain can be set to default configuration and no signaling is required.
Proposal 5: The following granularity of NGranu in frequency domain can be supported for precoder cycling. 
· For localized MPDCCH with 2Tx antennas, NGranu =1 PRB for ceil(R0/Ych) = 1
· For localized MPDCCH with 4Tx antennas, NGranu =1 PRB for ceil(R0/Ych) = 1 and 2
· For distributed MPDCCH with 4Tx antennas, NGranu =1 PRB for ceil(R0/Ych) = 1
· For other cases, NGranu = the number of PRBs in MPDCCH-PRB-set(s)
Localized MPDCCH in 1 PRB
For PRB based precoder cycling, one PRB can only use one precoder since only one DMRS port is configured in localized MPDCCH. So for the localized MPDCCH transmitted in one PRB, i.e. 2/4 ECCEs, if the PRB based precoder cycling is applied, one MPDCCH subframe can only traverse one precoder. Consequently, the PRB based precoder cycling cannot provide diversity gain for the case with no repetition or small number of repetitions. 
Observation 6: For the localized MPDCCH transmitted in one PRB, PRB based precoder cycling cannot provide diversity gain when no repetition or small number of repetitions is configured.
Therefore, smaller precoder granularity, e.g. RE, EREG and ECCE, can be considered for localized MPDCCH with low aggregation levels. In this respect, the following approach is given to improve precoder cycling:
· PRB based precoding cycling for DMRS and RE based precoding cycling for MPDCCH data.
In this approach, the precoder is updated based on PRB and subframe for DMRS REs. And the precoder is updated per RE in a subframe for data REs and the precoder update between subframes is not required. Based on this approach, the performance for localized MPDCCH with low aggregation levels can be significantly improved. Figure 10 shows that RE based precoder cycling for data can provide a large performance gain. Furthermore, this approach could also be considered for localized MPDCCH with high aggregation levels in multiple PRBs.
Proposal 6: For localized MPDCCH transmitted in one PRB, PRB based precoder cycling for DMRS and RE based precoder cycling for data could be considered to further improve performance.
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Figure 10 BLER performance for localized MPDCCH in 1 PRB (ETU5)
Mapping based on CSI report
In localized MPDCCH, CSI report based mapping between CRS and DMRS ports is supported to obtain beamforming gain. But in some cases, e.g. incorrect uplink decoding, the eNB may not use the PMI reported by the UE. Hence, it is agreed that a set of MPDCCH candidates (MPDCCH candidate set 1) is used for CSI-based precoding and other set (MPDCCH candidates set 2) is used for fallback. In order to enable MPDCCH performance improvement by CRS, we propose the MPDCCH falls back from CSI-based precoding to precoder cycling when MPDCCH candidate set 2 is scheduled. The relevant simulation results [3] show MPDCCH improvement by CRS can provide performance gain of more than 2 dB. But fallback to DMRS mode will lose this gain. Therefore, when CSI-based precoding is configured, the UE should monitor a set of MPDCCH candidates assuming the mapping between DMRS and CRS ports is based on a previously reported PMI and monitor the other set assuming the mapping between DMRS and CRS ports is based on precoder cycling.
Proposal 7：When CSI-based precoding is configured:
· The UE monitors a set of MPDCCH candidates assuming the mapping between DMRS and CRS ports is based on a previously reported PMI.
· The UE monitors the other set of MPDCCH candidates assuming the mapping between DMRS and CRS ports is based on precoder cycling.
For the UE configured with CE mode A, monitored MPDCCH candidates in USS can be listed in Table 2.
Table 2: MPDCCH candidates for CE mode A
	Number of PRBs in MPDCCH-PRB-set
	MPDCCH candidates

	2+4
	2
	[{2,R1,1} {4,R1,1} {4,R2,1} {8,R2,1}]

	
	4
	[{8,R1,2} {16,R1,1}
{8,R2,2} {16,R2,1}
{8,R3,1} {16,R3,1}]

	
	6
	[{24,R1,1}{24,R2,1}{24,R3,1}{24,R4,1}]

	2
	[{2,R1,2}{4,R1,1}{8,R1,1} 
{2,R2,2}{4,R2,1}{8,R2,1} 
{2,R3,2}{4,R3,1}{8,R3,1} 
{2,R4,2}{4,R4,1}{8,R4,1}]

	4
	[{2,R1,1}{4,R1,1}{8,R1,1}{16,R1,1} 
{2,R2,1}{4,R2,1}{8,R2,1}{16,R2,1} 
{2,R3,1}{4,R3,1}{8,R3,1}{16,R3,1}
{2,R4,1}{4,R4,1}{8,R4,1}{16,R4,1}]



Note that {R1, R2, R3, R4} is the number of repetition with {Rmax/8, Rmax/4, Rmax/2, Rmax} for Rmax8. 
In eMTC, a UE-specific search space involves at most 16 MPDCCH candidates corresponding to 16 blind detections. For one MPDCCH-PRB-set size, MPDCCH candidates are distinguished according to aggregation level, number of repetitions and MPDCCH candidate(s) in an aggregation level. These MPDCCH candidates can be divided into two sets which are respectively used for CSI-based precoding and precoder cycling. However, for MPDCCH candidate with repetition Ri, UE needs to blindly detect MPDCCH every Ri subframe, wherein Ri is {R1, R2, R3, R4} for Rmax8. If the parameters used to divide the sets of MPDCCH candidates contain the number of repetitions, the UE will assume different mapping modes between DMRS and CRS ports on every Ri subframe. For example, UE performs blind detection on {R1, R2} subframe based on CSI-based precoding and on R3 subframe based on precoder cycling. Then, if incorrect mapping is assumed, the UE cannot correctly decode such that blind detection cannot be terminated early. Thus, aggregation level could be utilized to divide the sets of MPDCCH candidates. Considering that MPDCCH performance will drop after fallback, higher aggregation levels can be selected for precoder cycling and the remaining aggregation levels are used for CSI-based precoding. And the aggregation level(s) for precoder cycling can be either fixed or configurable.
Observation 7: If the parameters used to divide the set of MPDCCH candidates contain the number of repetitions, MPDCCH blind detection cannot be early terminated. 
Proposal 8: Utilize aggregation level to divide the sets of MPDCCH candidates.
· Higher aggregation level(s) for precoder cycling and remaining aggregation levels used for CSI-based precoding.
Power offset between CRS and DMRS ports
In RAN1#95 meeting, it was agreed the power offset between CRS and DMRS ports of MPDCCH is indicated by SIB for UE in connected/idle mode. In our opinion, UEs could have different requirements with respect to transmission power. For the UE with extreme coverage, power boosting may be required. But for the UE with normal coverage, normal power is adequate. If the power offset between CRS and DMRS ports is indicated by SIB in connected mode, the transmission power can only be adjusted based on cell-specific level and cannot flexibly be configured between UEs. Therefore, we propose to add a UE-specific RRC signaling to indicate the power offset between CRS and DMRS ports besides SIB in connected mode. When the UE-specific RRC signaling is present, the power offset is informed by this signaling. And when the UE-specific RRC signaling is absent, the power offset is informed by SIB.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 9: Besides SIB, UE-specific RRC signaling is considered to indicate the power offset between CRS and DMRS ports in connected mode.
3. Conclusion
In this contribution, we discuss the mapping between CRS and DMRS for MPDCCH performance improvement. And the relevant observations and proposals are given as following:
Observation 1: For 2Tx antennas, precoder set with {0, 1} has similar performance as precoder set with all four precoders, and the performance of precoder set with {0, 1} is better than that of precoder set with {0, 2}.
Observation 2: When an MPDCCH packet can traverse all the precoders in time domain, the update granularity of all PRBs and 1 PRB in frequency domain have the same diversity gain.
Observation 3: For localized MPDCCH with 2Tx antennas, the granularity of 1 PRB has better performance than the granularity of 2 and 4 PRBs when the number of repetitions is equal to 1 and Ych is 1.
Observation 4: For localized MPDCCH with 4Tx antennas, the granularity of 1 PRB has better performance than the granularity of 2 and 4 PRBs when the number of repetitions is equal to 1 or 2 and Ych is 1.
Observation 5: For distributed MPDCCH with 4Tx antennas, the granularity of 1 and 2 PRBs have the similar performance when the number of repetitions is equal to 1 and Ych is 1.
Observation 6: For the localized MPDCCH transmitted in one PRB, PRB based precoder cycling cannot provide diversity gain when no repetition or small number of repetitions is configured.
Observation 7: If the parameters used to divide the set of MPDCCH candidates contain the number of repetitions, MPDCCH blind detection cannot be early terminated. 
Proposal 1: Rank-1 precoder should be used for precoder cycling in distributed MPDCCH.
Proposal 2: For 2Tx antennas, two existing precoders with the opposite vector directions should be selected for precoder set, e.g. {0, 1}.
Proposal 3: For 4Tx antennas, the four existing precoders with the angle difference of pi/2 or pi between their vector directions could be selected for precoder set, e.g. {0,1,2,3} or {4,5,6,7}.
Proposal 4: For precoder cycling, the precoders in the precoder set are used sequentially and cyclically.
· In a subframe, the precoders are used sequentially and cyclically and precoder is updated per NGranu PRBs.
· For a PRB, the precoders are used sequentially and cyclically across subframes.
Proposal 5: The following granularity of NGranu in frequency domain can be supported for precoder cycling. 
· For localized MPDCCH with 2Tx antennas, NGranu =1 PRB for ceil(R0/Ych) = 1
· For localized MPDCCH with 4Tx antennas, NGranu =1 PRB for ceil(R0/Ych) = 1 and 2
· For distributed MPDCCH with 4Tx antennas, NGranu =1 PRB for ceil(R0/Ych) = 1
· For other cases, NGranu = the number of PRBs in MPDCCH-PRB-set(s)
Proposal 6: For localized MPDCCH transmitted in one PRB, PRB based precoder cycling for DMRS and RE based precoder cycling for data could be considered to further improve performance.
Proposal 7：When CSI-based precoding is configured:
· The UE monitors a set of MPDCCH candidates assuming the mapping between DMRS and CRS ports is based on a previously reported PMI.
· The UE monitors the other set of MPDCCH candidates assuming the mapping between DMRS and CRS ports is based on precoder cycling.
Proposal 8: Utilize aggregation level to divide the sets of MPDCCH candidates.
· Higher aggregation level(s) for precoder cycling and remaining aggregation levels used for CSI-based precoding.
Proposal 9: Besides SIB, UE-specific RRC signaling is considered to indicate the power offset between CRS and DMRS ports in connected mode.
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Granularity of 1 PRB

Granularity of 2 PRBs

Granularity of 4 PRBs
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Granularity of 1 PRB

Granularity of 2 PRBs

Granularity of 4 PRBs
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Granularity of 1 PRB

Granularity of 2 PRBs

Granularity of 4 PRBs
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Granularity of 1 PRB

Granularity of 2 PRBs

Granularity of 4 PRBs
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PRB based granularity for data

RE based granularity for data
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All precoders

Precoder 0,1

Precoder 0,2


