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Introduction
This document is modification on R1-155345.and would like to continue the discussion on CSI report/measurement in eMTC. 
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]Discussion
CSI report and mode
CE mode A and mode B were agreed in 3GPP RAN1 and the former refers to no/small repetition and the latter refers to large repetition. We discussed CSI report and mode for mode A and mode B separately, 
For CE mode B, CQI and RI report are not necessary basically considering following reasons, 
· RI is not necessary because Rel.13 MTC UE only supports up to rank 1.
· It is difficult to obtain scheduling gain as the repetition length is longer than fast fading variation. Then diversity by time, frequency and spatial is more important for large repetition case. Therefore, the typical operation on large repetition transmission is to enable diversity, for example frequency hopping within system bandwidth.
· CQI is inaccurate due to large report delay for the measurement and feedback 
· Large repetitions of CQI in uplink would consume lots of UE battery power 
· CQI to average out fast fading in time/frequency/spatial is basically equivalent to RSRP/RSRQ, which would be required report for the mobility in MTC.  RSRP/RSRQ has the event triggered procedure where to minimize the overhead of the reporting. i.e. RSRP/RSRQ are reported only when the channel condition changes. Link adaptation by RSRP/RSRQ with the correction by ACK/NACK could be equivalent function with minimum overhead.
· CQI does reflect the UE receiver performance difference. RSRP/RSRQ does not reflect UE receiver performance difference. If advanced receiver is assumed for Rel.13 MTC, CQI reporting is useful. On the other hand, the low cost is also one of the targets of Rel.13 MTC. Then the possibility of the advanced receiver could be less in order to realize low cost.
Based on the agreements in RAN1#82bis meeting, transmission scheme according to TM6/TM9 is supported for eMTC. So our understanding is wideband PMI is necessary to be reported. But we rather propose PMI is reported in RRC signaling with RSRP/RSRQ measurement. In this sense, there is no need to support CSI reporting procedure for mode B with large repetition. With above considerations, we propose 
Proposal 1: CSI reporting procedure is not needed for mode B. 
Proposal 2: Wideband PMI is reported in RRC signaling together with RSRP/RSRQ measurement for transmission mode/scheme TM6/TM9 for mode B.

For CE mode A with no/small repetition case, CSI reporting procedure is useful and basically both periodic and aperiodic CSI modes could be supported.  Regarding detailed mode, we think 
· Wideband CQI and subband CQI report are supported; 
· Only wideband PMI is supported as subband PMI gain would be small;
·  Detailed CSI reporting mode for example PUSCH mode 3-0, 3-1 or PUCCH mode 1-0/1-1could be configured by RRC
Wideband PMI feedback is useful because it could realize MU-MIMO and also obtain some precoding gain even if the assumption is single antenna in UE side. Therefore, we propose 
Proposal 3: For mode A, wideband/subband CQI and wideband PMI are supported; detailed mode is configured by RRC

CQI table
For CE mode B, as no CSI is reported, there is no need to discuss CQI table deign from this perspective. For CE mode A, basically it is desirable to reuse legacy CQI table. In details, entries except for 64QAM in legacy 4 bit CQI table are supported. Not to use 64QAM entries can reduce coding rate from 16/1024 to 10/1024. Thanks to Reed muller code property, PUCCH reception performance can be improved if it is implemented properly. 
CQI table is interpreted as when the largest number of the PDSCH repetition within PDSCH repetition number set is assigned. Therefore, the required lowest spectrum efficiency is covered. So if PDSCH repetition number set is {1,2,4,8], wideband CQI table is the case of 8 subframe repetition. NB-CQI table would be same as Ych length.
So we propose 
Proposal 4: Entries except for 64QAM in legacy 4 bit CQI table are supported for CE mode A.
Proposal 5: CQI table is interpreted as when the largest number of the PDSCH repetition within PDSCH repetition number set is assigned.

CSI measurement and reference resource definition 
Rel-13 low complexity MTC UE is only to support 1.4 MHz bandwidth in downlink and uplink. Therefore, only up to one narrowband CSI measurement is possible in a subframe. In order to obtain wideband CSI measurement (over the system bandwidth) and to obtain multiple narrowband CSI measurement, multiple narrowbands over multiple subframes are required. M-PDCCH needs to be operated even if CSI reporting is not available. Therefore, usually M-PDCCH hops multiple narrowbands in different subframes. We propose CSI measurement is carried out in the narrowband and the subframe where M-PDCCHs are monitored by UE. In case PDSCH is scheduled, measurement is realized in the narrowband/subband where PDSCH is assigned. This can increase the chance of PDSCH measurement when PDSCH is assigned. 
One concern on this solution is only 2 or 4 narrowbands are applied for M-PDCCH/PDSCH based on current agreements on frequency hopping. For wideband CSI, measurement based on 2 or 4 narrowbands may not have big impact on performance. For subband CSI, measurement/report based on 2 or 4 narrowbands may lose some scheduling or link adaptation gain but how large loss is not so clear. Considering limited standardization time, maybe subbband CSI based on 2 or 4 narrowbands are also acceptable. Otherwise we need define more than 2 or 4 narrowbands for CSI measurement and solve the collision between CSI measurements and M-PDCCH monitoring. 
So we propose 
Proposal 6: For CE mode A, CSI measurement is carried out in the narrowband and the subframe where M-PDCCHs are monitored by UE. In case PDSCH is scheduled, measurement is realized in the narrowband/subband where PDSCH is assigned.

Regarding which RS is used to support CSI measurement for transmission mode/scheme TM9, our view is CRS is sufficient for CSI measurement. To allow CSI-RS for eMTC would require large standardization efforts,
1) CSI-RS should be available for multiple narrowbands and subframes, which increases CSI-RS resource usage.
2) Relation of power/phase between different CSI-RS should be specified in order to allow multi-subframe CSI-RS estimation. This prevents the flexibility of legacy CSI-RS operation. 
So we propose 
Proposal 7: CRS is used to support CSI measurement for transmission mode/scheme TM9.

As discussed above, 2 or 4 narrowbands and multiple subframes are required for CSI measurement. Although how to measure CSI is "based on an unrestricted observation interval in time and frequency" similar to current LTE, some CSI reference resource needs to be defined. This is because CQI is defined as the BLER 10% performance of PDSCH in the reference resource. Subband CSI reporting could correspond to one narrowband measurement in a subframe. Wideband CSI reporting corresponds to averaging of multiple narrowbands and multiple subframes. 
The frequency position of CSI reference resource would be the narrowband where M-PDCCHs are monitored by UE generally. In case 2 narrowbands are configured for monitoring M-PDCCH, these two narrowbands are used for CSI reference resource. In case 4 narrowbands are configured for monitoring M-PDCCH, these four narrowbands are used for CSI reference resource.
In case M-PDCCH schedules PDSCH narrowband where is different from the narrowband of M-PDCCH, the frequency position of CSI reference resource is based on the narrowband and subframe that PDSCH is received.
The time position of CSI reference resource in normal LTE is defined as a single downlink or special subframe n-nCQI_ref. nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink or valid special subframe. In order to support multiple narrowbands and multiple subframes measurement, we propose CSI reference resource itself is also multiple subframes. The end subframe can be same as current normal LTE, i.e. the subframe n-nCQI_ref. Then the question is how many subframes (M) are used. 
Regarding above issue, we are preferable of implicit indication. CSI performance test is based on the test that data is assigned over the reference period can satisfy certain performance. Therefore, reference resource depends on the repetition number of PDSCH. As far as mode A is the target, we expect M is determined by M-PDCCH repetition number set or set of PDSCH repetition number would not make the big difference. For WB-CSI, M covers multiple Ych hopping period. For SB-CSI, M covers single Ych duration. Ideally reference resource is defined after aperiodic CSI request reception in order not to mandate UE prepare CSI report contents before aperiodic CSI request. On the other hand, it may take more standardization effort. For Rel.13, end subframe of CSI reference resource is same as current LTE is acceptable.

So we propose 
Proposal 8: CSI reference resource (M) is implicitly implied by repetition number of PDSCH.
The time position and frequency position of CSI reference resource is illustrated in Fig.1 which assumes narrowband number used for hopping is 4.
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Figure 1 CSI reference resource definition
Conclusion
In this contribution, we discussed some remained issues on CSI report, mode, measurement and reference resource configuration. Based on these discussions, we have following proposals, 
Proposal 1: CSI reporting procedure is not needed for mode B. 
Proposal 2: Wideband PMI is reported in RRC signaling together with RSRP/RSRQ measurement for transmission mode/scheme TM6/TM9 for mode B.
Proposal 3: For mode A, wideband/subband CQI and wideband PMI are supported; detailed mode is configured by RRC
Proposal 4: Entries except for 64QAM in legacy 4 bit CQI table are supported for CE mode A.
Proposal 5: CQI table is interpreted as when the largest number of the PDSCH repetition within PDSCH repetition number set is assigned.
Proposal 6: For CE mode A, CSI measurement is carried out in the narrowband and the subframe where M-PDCCHs are monitored by UE. In case PDSCH is scheduled, measurement is realized in the narrowband/subband where PDSCH is assigned.
Proposal 7: CRS is used to support CSI measurement for transmission mode/scheme TM9.
Proposal 8: CSI reference resource (M) is implicitly implied by repetition number of PDSCH.
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