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1. [bookmark: OLE_LINK94][bookmark: OLE_LINK14][bookmark: OLE_LINK2][bookmark: OLE_LINK50][bookmark: OLE_LINK37][bookmark: OLE_LINK13][bookmark: OLE_LINK1][bookmark: OLE_LINK95][bookmark: OLE_LINK38]Introduction
In RAN1#96 meeting, the following agreements for MPDCCH performance improvement were made:
· Precoding cycling in time domain with a granularity of YCH is supported. FFS whether futher values are supported in which case the granularity is configurable.
· For precoding cycling, the precoder set consists of [2 or 4] existing precoders for 2Tx antennas and 4 existing precoders for 4Tx antennas. 
· FFS: The precoder set is configured or not.
In this contribution, we further discuss the mapping between CRS and DMRS for MPDCCH performance improvement.
2. Discussion
1 
2 
Predefined mapping
Precoder cycling
According to the agreements, the precoder set is defined for precoder cycling to support MPDCCH performance improvement. Thus, the precoders in the set should be used cyclically across time and frequency domain. In particular, based on the precoder set, MPDCCH updates the precoder according to PRB index and subframe index. In frequency domain, the precoders in the set are used cyclically in a subframe and the precoder are updated per NGranu PRBs. In time domain, the precoders in the set are used cyclically for a PRB and the precoder are updated per Ych subframes.
It is assumed that the precoder set contains N precoders, which are sequentially numbered from 0 to N-1. For localized MPDCCH, one PRB uses one precoder since one DMRS port is configured. 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 1 shows a case of the precoder cycling for localized MPDCCH.


Figure 1 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 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. And the REs in the PRB can switch precoder between two 1-layer precoders via DMRS port switching to obtain diversity gain. Thus, the two precoder number used by the k-th PRB in the l-th subframe can be represented as  and . Figure 2 shows a case of the precoder cycling for distributed MPDCCH.


Figure 2 Precoder cycling for distributed MPDCCH (4Tx antennas, MPDCCH-PRB-set = 4 PRBs, granularity = 1PRB)
To verify the performance of the above precoder cycling, Figure 3 and 4 show the performance comparison of precoder cycling and fixed precoder. In the simulation, the precoder update granularity is 1 PRB for frequency domain and 1 ms for time domain. From Figure 3 and 4, it can be observed that:
Observation 1: For 2Tx antennas, the precoder cycling shows the performance gain of 1.8dB for no repetition and 3.4 dB for 32 repetitions at BLER=0.01 compared to fixed precoder for localized MPDCCH. 
Observation 2: For 4Tx antennas, the precoder cycling shows the performance gain of 3.3~4.5 dB for localized MPDCCH and more than 1.7 dB for distributed MPDCCH at BLER=0.01.
Proposal 1: The precoders #0 to N-1 in the precoder set are used sequentially and cyclically.
· In frequency domain, the precoders are used cyclically in a subframe and the precoder are updated per NGranu PRBs;
· In time domain, the precoders are used cyclically for a PRB and the precoder are updated per Ych subframes.
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Figure 3 BLER performance for precoder cycling for 2Tx antennas
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Figure 4 BLER performance for precoder cycling for 4Tx antennas
Precoder Set
In precoder cycling, the existing Rel-8 precoders should be reused for the precoder set. The number of precoders in the set should be restricted so that the MPDCCH can traverse all the precoders more easily. And the precoder set should ensure that the vector direction of the precoders used by each MPDCCH traverses a larger angle as much as possible to obtain more diversity gain.
For 2Tx antennas, there are 4 single-layer precoders which correspond to 4 vector directions in Rel-8. It should be considered that the precoder set consists of the two existing precoders with the opposite vector directions for precoder cycling, i.e. {, } or {, }. Figure 5 shows the BLER performance of the precoder set with 2 and 4 2Tx-precoders. In the simulation, the precoder granularity is 1 PRB for frequency domain and 1 ms for time domain. From this figure, 2 precoders cycling and 4 precoders cycling have the same performance for 2Tx antennas. Furthermore, if the precoder set consists of 2 precoders for 2Tx antennas, it is easier to traverse all precoders for localized MPDCCH. And precoder cycling is not performed between PRBs or subframes for distributed MPDCCH. In this case, it is beneficial for cross-PRB channel estimation for distributed MPDCCH. Therefore, 2 precoders are more appropriate for precoder set for 2Tx antennas.
Observation 3: 2 precoders cycling and 4 precoders cycling have the same performance for 2Tx antennas.
Proposal 2: For 2Tx antennas, the precoder set consists of the two existing precoders with the opposite vector directions.
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Figure 5 BLER performance for 2 and 4 precoders cycling for 2Tx antennas
For 4Tx antennas, it is agreed that the precoder set consists of 4 existing precoders but the selection of the precoders is FFS. In eMTC, 4Tx antennas have 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}. In precoder cycling, the performance of these four groups of precoders are close in low correlation scenarios. But for high correlation scenarios, there may be performance difference between the groups for different channel states. Therefore, all these four groups of precoders are applicable for 4Tx precoder cycling. Then, the precoder set can be selected from these four groups of precoders via higher layer signaling.
Observation 4: For 4Tx precoder cycling, the four groups of orthogonal precoders, i.e. {0,1,2,3}, {4,5,6,7}, {8,9,10,11} and {12,13,14,15}, have close performance in low correlation case and potential different performance in different high correlation cases.
Proposal 3: For 4Tx antennas, the following four groups of precoders can be defined and the precoder set is selected from these four groups of precoders via higher layer signaling. 
· {0,1,2,3}, {4,5,6,7}, {8,9,10,11} and {12,13,14,15}  
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 6 and 7. 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 5: When an MPDCCH packet can traverse all the precoders in time domain, the update granularity of all PRBs and 1 PRB have the same diversity gain.
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Figure 6 BLER performance of precoder cycling for localized MPDCCH with 4 and 32 repetitions
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Figure 7 BLER performance of precoder cycling for distributed MPDCCH with 4 and 32 repetitions
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 8.
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Figure 8 BLER performance of the granularity with 1, 2 and 4 PRBs
From Figure 8, it can be observed that:
Observation 6: 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 7: 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 8: 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 4: 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 9: 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 9 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 5: 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 9 BLER performance for localized MPDCCH in 1 PRB

Mapping based on CSI report
[bookmark: OLE_LINK3][bookmark: OLE_LINK5]In localized MPDCCH, mapping based on CSI report is agreed between CRS ports and DMRS ports to obtain beamforming gain. It is considered that eNB uses the latest PMI reported by UE to support CSI report based mapping. But in some cases, e.g. inaccurate PMI estimation, large PMI delay and etc, the eNB may not use the PMI reported by the UE. Moreover, the CSI feedback based mapping should not increase the number of MPDCCH blind detections. 
Proposal 6: The mapping based on CSI report should not increase the number of MPDCCH blind detections.
Thus, there are three options under consideration:
· Option1: The eNB only uses the latest PMI reported by the UE.
In this scheme, UE preserves the reported PMI and assumes eNB can only configure this PMI for MPDCCH. This approach can ensure UE is aware of the precoder which is used by eNB in closed-loop transmission. But potentially incorrect uplink demodulation may cause the reported PMI which is preserved by UE is not used by eNB. When along PMI feedback interval occurs, more MPDCCHs cannot be correctly decoded by UE due to this incorrect PMI. Moreover, eNB cannot adjust the PMI by itself. When the reported PMI does not match the channel, the PMI reported by UE has to be used.
· Option2: Indicate the precoder via the existing DCI signaling. 
The PMI for MPDCCH is dynamically indicated by the existing DCI signaling and without additional signaling overhead. For the DCI formats scheduling TM6 PDSCH, the signaling "PMI confirmation for precoding" is used to indicate whether the reported PMI is adopted for MPDCCH. This signaling indicates the PMI confirmation of both PDSCH and MPDCCH. For the DCI formats scheduling TM9 PDSCH, the signaling "Antenna port(s) and scrambling identity" is used to indicate whether the reported PMI is adopted for MPDCCH. In this signaling, 1 bit of nSCID can be used to indicate the PMI confirmation of MPDCCH. In this scheme, if the DCI indicates that the reported PMI is not adopted, the precoder cycling is used for the MPDCCH. Then, after receiving the DCI signaling, the UE can know the precoding matrix used by the next MPDCCH.
· Option3: Determine the precoder based on PMI delay
The MPDCCH uses the reported PMI when the delay of PMI reporting is less than Ndelay ms and the MPDCCH uses the precoder cycling when the delay of PMI reporting is more than or equal to Ndelay ms. In particular, for subframe n, the latest PMI is estimated by UE in subframe n-m. If m<Ndelay, the reported PMI is used for the MPDCCH. Otherwise, the precoder cycling is used. Ndelay can be indicated by higher signaling. Furthermore, because a PRB uses the same precoder in a set of X consecutive subframes, the precoder can only be transformed between the subframe sets. Based on this scheme, the precoder for MPDCCH can be adjusted according to PMI delay and the number of blind detections is not increased. 
Additionally, as the PMI determination criterion, other potential parameters are not precluded besides PMI delay, e.g., the number of repetitions, MPDCCH-PRB-set and etc. 
Based on the above analysis, we prefer option 2 and 3. So it is proposed that:
Proposal 7: The following two schemes can be considered for mapping based on CSI feedback:
1) Indicate the precoder via the existing DCI signaling
2) Determine the precoder based on PMI delay
3. Conclusion
In this contribution, we discuss the mapping between CRS and DMRS for CRS for MPDCCH performance improvement. And the relevant observations and proposals are given as following:
Observation 1: For 2Tx antennas, the precoder cycling shows the performance gain of 1.8dB for no repetition and 3.4 dB for 32 repetitions at BLER=0.01 compared to fixed precoder for localized MPDCCH. 
Observation 2: For 4Tx antennas, the precoder cycling shows the performance gain of 3.3~4.5 dB for localized MPDCCH and more than 1.7 dB for distributed MPDCCH at BLER=0.01.
Observation 3: 2 precoders cycling and 4 precoders cycling have the same performance for 2Tx antennas.
Observation 4: For 4Tx precoder cycling, the four groups of orthogonal precoders, i.e. {0,1,2,3}, {4,5,6,7}, {8,9,10,11} and {12,13,14,15}, have close performance in low correlation case and potential different performance in different high correlation cases.
Observation 5: When an MPDCCH packet can traverse all the precoders in time domain, the update granularity of all PRBs and 1 PRB have the same diversity gain.
Observation 6: 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 7: For localized MPDCCH with 4Tx antennas, the granularity of 1 PRB has the 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 8: 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 9: 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.
[bookmark: _GoBack]Proposal 1: The precoders #0 to N-1 in the precoder set are used sequentially and cyclically.
· In frequency domain, the precoders are used cyclically in a subframe and the precoder are updated per NGranu PRBs;
· In time domain, the precoders are used cyclically for a PRB and the precoder are updated per Ych subframes.
Proposal 2: For 2Tx antennas, the precoder set consists of the two existing precoders with the opposite vector directions.
Proposal 3: For 4Tx antennas, the following four groups of precoders can be defined and the precoder set is selected from these four groups of precoders via higher layer signaling. 
· {0,1,2,3}, {4,5,6,7}, {8,9,10,11} and {12,13,14,15}  
Proposal 4: 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 5: 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 6: The mapping based on CSI report should not increase the number of MPDCCH blind detections.
Proposal 7: The following two schemes can be considered for mapping based on CSI feedback:
1) Indicate the precoder via the existing DCI signaling
2) Determine the precoder based on PMI delay
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