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1. Introduction

This document summarizes the companies’ views on CSI definition and formats and provides the potential proposals on this topic.
2. Discussion
This section provides open issues and the companies’ views on these issues.
Q1: Should any existing CQI and PMI Feedback Types for PUSCH CSI reporting Modes not be supported?
	Company
	Comments

	DOCOMO
	PUSCH3-0, 3-1 should be supported for at least CE mode A. Other CSI feedback types are not needed.

	Samsung
	No CSI for Mode B.  Mode 3-0 and Mode 3-1 for Mode A.

	Ericsson
	· For TM1, TM2: Mode 2-0 is not supported, Mode 3-0 is supported. 

· For TM6: Mode 1-2, 2-2, 3-2 are not supported. Mode 3-1 is supported

· For TM9: 

· if the UE is configured with PMI/RI reporting and number of CSI-RS ports > 1: Mode 1-2, 2-2, 3-2 are not supported. Mode 3-1 is supported;

· if the UE is configured without PMI/RI reporting or number of CSI-RS ports=1: Mode 2-0 is not supported, Mode 3-0 is supported.



	Panasonic
	Agree with Samsung that PUSCH CSI is not supported for Mode B, in which PMI report to support transmission scheme according to TM6/TM9 could be in RRC signalling with RSRP/RSRQ measurement. 
For Mode A, we are fine with Mode 3-0 and Mode 3-1.

	Nokia 
	Same view with Ericsson.
At least multiple PMI is not supported. Legacy wideband CQI corresponding to whole system bandwidth is naturally not supported. Legacy UE selected subband CQI is not supported. Actually we need to firstly settle down how wideband and subband is defined for MTC, e.g., wideband CSI= single CSI corresponding to multiple narrow bands (e.g., with hopping) and subband CSI= single CSI corresponding to one specific narrow band. 

	Sony
	Mode A: Support mode 3-0, 3-1.

Mode B: Prefer no CSI feedback.

	LG
	It’s not very clear to me whether the legacy mode definition applies to eMTC case directly. Generally, we think subband CQI + no or single PMI can be supported for CE mode A. For mode B, no CSI feedback is supported.

	Intel
	Support PUSCH CSI reporting modes 3-0 and 3-1 only; other modes not needed. No CSI for CE mode B.

	ZTE
	Support Mode 3-0 and Mode 3-1 for Mode A. Other modes not needed.

	Huawei, HiSilicon
	This is somewhat related to the discussion or support or not of wideband CQI vs narrowband CQI, where the definitions seem to need adjusting. CQI reports per narrowband are needed, and it should be possible for UE to be configured with a subset of them to measure, or to measure all of them and feedback a UE selected set of them. This would be in line with the existing agreement on NB subset restriction for CQI.


Observation 1: 

· For mode A UE, majority of the companies consider that Mode 3-0 (TM1, 2, and 9) and Mode 3-1 (TM6 and 9) are to be supported.

· One company (LGE) consider that subband CQI + no or single PMI can be supported for CE mode A.
· For mode B UE, six companies (Samsung, Sequans, Panasonic, Sony, LG, Intel) consider that no CSI feedback is supported. 

Proposal 1: 

· For mode A UE, Mode 3-0 (TM1, 2, and 9) and Mode 3-1 (TM6 and 9) are supported.

· For mode B UE, no CSI feedback is supported. 

· For eMTC UEs, subband CQI is replaced by narrow band CQI.

Q2: Should any existing CQI and PMI Feedback Types for PUCCH CSI reporting Modes not be supported?
	Company
	Comments

	DOCOMO
	PUCCH 1-0, 1-1 should be supported. Other CSI feedback types are not needed. Note that periodic CSI is not supported for CE mode B UE.

	Samsung
	No CSI for Mode B.  All CSI modes for Mode A (up to eNB to configure – no additional UE complexity given supported A-CSI modes).

	Ericsson
	· For TM1, TM2: Mode 2-0 is not supported. Mode 1-0 is supported. 

· For TM6: Mode 2-1 is not supported, Mode 1-1 is supported. 

· For TM9: 

· if the UE is configured with PMI/RI reporting and number of CSI-RS ports>1: Mode 2-1 is not supported, Mode 1-1 is supported.
· if the UE is configured without PMI/RI reporting or number of CSI-RS ports=1: Mode 2-0 is not supported, Mode 1-0 is supported.

	Panasonic
	Agree with Samsung that PUCCH CSI is not supported for Mode B, in which PMI report to support transmission scheme according to TM6/TM9 could be in RRC signalling with RSRP/RSRQ measurement. 
For Mode A, we are fine with PUCCH1-0 and 1-1.

	Nokia
	Same view with Ericsson.

Legacy wideband CQI corresponding to whole system bandwidth is naturally not supported. Legacy UE selected subband CQI is not supported. Actually we need to first settle down how wideband and subband is defined for MTC, e.g., wideband CSI= single CSI corresponding to multiple narrow bands (e.g., with hopping) and subband CSI= single CSI corresponding to one specific narrow band.

	Sony
	Mode A: Mode 1-0, 1-1. 2-0. 2-1

Mode B: No PUCCH CSI feedback

	LG
	We consider wideband CQI and subband CQI can be supported. Not clear whether legacy feedback mode can be directly applicable. For PMI, depending on TM is fine with us. 

	Intel
	Support PUCCH CSI reporting modes 1-0 and 1-1 only; other modes not needed. No CSI feedback for CE mode B.

	ZTE 
	Support Mode 1-0，1-1，2-0、2-1 .

	Huawei, HiSilicon
	This applies only to CE Mode A. See answers to Q1 and Q6.


Observation 2: 

· For mode A UE, 

· Six companies (DOCOMO, Ericsson, Panasonic, Nokia, Ericsson, Intel) consider that Mode 1-0 (TM1, 2, and 9) and Mode 1-1 (TM6, 9) are only to be supported.

· Four companies (Samsung, Sony LG, ZTE) consider that Mode 1-0, 1-1, 2-0, and 2-1 are to be supported.

· For mode B UE, there is agreement that no CSI feedback is supported. 

Proposal 2: 

· For mode A UE, select one of the following options

· Option 1: Mode 1-0 (TM1, 2 and 9) and Mode 1-1 (TM6 and 9) are supported.

· Option 2: Mode 1-0, 1-1, 2-0, and 2-1 are supported.

Q3: How to perform CSI measurement subset restriction

	Company
	Comments

	DOCOMO
	There are two ways to perform CSI measurements. One is to define explicit configuration of the NBs for CSI measurements and to set the measurement gap. The other approach is to perform CSI measurement over the same NBs as those for M-PDCCH monitoring. Our preference is the latter one since unnecessary measurement gap can be avoided.

	Samsung
	We prefer to use the M-PDCCH NBs as (a) we think frequency hopping will be used in practice for M-PDCCH and (b) if FH is not used for M-PDCCH, it can also be assumed to not be used for PDSCH – SB-CSI is then needed and can be provided for M-PDCCH narrowband and for PDSCH narrowband (it is more important for M-PDCCH narrowband, eNB can re-configure narrowband of M-PDCCH or PDSCH if CSI is low)..

	Ericsson
	CSI measurement is carried out by the UE while monitoring M-PDCCH. No explicit configuration of CSI measurement subset restriction.

	Panasonic
	Our preference is CSI measurement is based on narrowbands used for monitoring M-PDCCH.

	Nokia
	CSI measurement gap might be needed for CE mode A.

	Sony
	Only applicable to Mode A:

· If we have Frequency Hopping and it is enabled: Measure NB corresponding to MPDCCH & PDSCH (assuming PDSCH can be different to MPDCCH)

· Frequency Hopping OFF: Option to configure measurement gaps and a subset of NB to measure.  UE can optionally reduce the number of NB to measure if its battery is low.

	LG
	Prefer CSI measurement over narrowbands monitored for M-PDCCH regardless of hopping. Wideband CQI is averaged over multiple narrowbands monitored in different time. Subband CQI is average over the same narrowband monitored in different time. 

	Intel
	· Can be restricted to the monitored NBs (for M-PDCCH): when FH is used, both WB and Subband-based feedback can be provided as configured for PUSCH CSI reporting

· When FH is not configured – one option is to still limit to monitored NBs (for M-PDCCH). However, this cannot provide CSI for other NBs that could facilitate frequency selective scheduling gains (otherwise frequency selective scheduling may not be practically realized) – hence, configuration of measurement gaps should be considered as well, at least for CE mode A. The same measurement gap pattern for intra-frequency measurements may be reused.

	ZTE
	eNB configure CSI measurements and to set the measurement gap

	Huawei, HiSilicon
	CSI feedback is needed only in CE Mode A. In that case, we suggest using a measurement gap pattern such as already defined by RAN4, during which the UE measures the restricted subset of narrowbands. RAN4 might need slightly to clarify that this use of a measurement gap is permitted for UEs which can be configured in CE Mode A.

On now to configure this, CQI reports per narrowband are needed, and it should be possible for UE to be configured with a subset of them to measure, or to be configured to measure all available NBs and feedback a UE selected set of them


Observation 3: 

· For CSI measurement,

· More companies consider that CSI measurement is to be performed for the NBs used for M-PDCCH monitoring. 

· Three companies (DOCOMO, Ericsson, LGE) do not consider that measurement gap configuration for CSI measurement is needed.

· Three companies (Sequans, Sony, ZTE) consider that measurement gap can be used when frequency hopping is not configured for the M-PDCCH.

· One company (Samsung) consider that frequency hopping is not assumed for the PDSCH if it is not used for the M-PDCCH. In this case, the subband CSI is needed for both channels.

· Two companies (Nokia, ZTE) consider that CSI measurement gap is needed.

Proposal 3: 

· When M-PDCCH is configured with frequency hopping, CSI measurement is performed for the NBs used for M-PDCCH monitoring 

· When M-PDCCH is not configured with frequency hopping, FFS whether measurement gap is used or not.
Q4: How CSI reference resource (M) is defined? Is it implicitly obtained or semi-statically obtained? Is it common between wideband and subband CSI?
	Company
	Comments

	DOCOMO
	We have a slight preference for an implicit approach. For example, M is associated with CE mode or CE levels.

	Samsung
	Separate configuration for M is not needed. For WB-CSI, M can be determined from configured M-PDCCH repetition numbers. For SB-CSI, same M can apply.

	Ericsson
	· Implicit configuration of M is defined. Further, M is the min of R value in the set of repetition numbers of PDSCH provided by higher layer signaling. 

· Recall that the CSI reference resource is defined for PDSCH in TS 36.213 Section 7.2.3: “A combination of modulation scheme and transport block size corresponds to a CQI index if: 
-
the combination could be signalled for transmission on the PDSCH in the CSI reference resource according to the relevant Transport Block Size table, …”

· Same M should be used for all modes of CSI reporting (wideband, subband, periodic, aperiodic)

	Panasonic
	We are ok with implicit indication of M. CSI performance test is based on the test that data is assigned over the reference period can satisfy certain performance. Therefore, our thinking is 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.

	Nokia
	It’s fine to have M being implicitly determined. M is the minimum value in the configured PDSCH repetition set. Same M is used for WB-CSI(in case supported) and SB-CSI.  

	Sony
	Mode A: Although we agreed M>1 at least for small coverage enhancement in RAN1#81,  we believe this is unnecessary and hence M=1 as per legacy. Re-designed CQI table (64QAM entries replaced with stronger coding rate for QPSK) can tolerate repetition numbers applicable in Mode A.

ModeB: Value M > 1 can be fixed in specs (if CSI feedback is required)



	LG
	Implicit determination is fine with us. M can be the smallest number of PDSCH repetition configured to the UE. 

	Intel
	The value of M can be obtained implicitly, e.g., based on PDSCH minimum repetition number, or mapping from CE level to an M-value, etc. The value of ‘M’ can be common between WB and SB CSI but the observation period for WB CSI should span multiple Y_CH periods.

	ZTE
	Prefer implicit approach. M can be  associated with CE mode or CE levels, and is common for wideband / narrowband CSI.

	Huawei, HiSilicon
	Since the CSI measurements can be conducted in a measurement gap, then M>1 should be explicitly configured. If the same M can be used for wideband and sub-band CSI depends on how those things are defined for narrow bandwidth UEs, but it appears likely they can have the same value of M.


Observation 4: 

· For deriving the number M of CSI reference resources, most companies consider that M is implicitly obtained while one company consider explicit configuration.

· Four companies (Ericsson, Nokia, LGE, Intel) consider that M is the minimum value of R in the set of repetition numbers of PDSCH provided by higher layer signaling.
· On company (Samsung) consider that M can be determined from configured M-PDCCH repetition numbers.

· One company (Sony) consider M = 1 for Mode A and M > 1 can be fixed in the specification.

· Most companies consider that common value of M should be used between wideband and subband CSI.

Proposal 4:

· M is equal to the minimum value of R in the set of repetition numbers of PDSCH provided by higher layer signaling.
· Common value of M is used between wideband and subband CSI.

Q5:  What is CQI table handling related to 64QAM entries?
	Company
	Comments

	DOCOMO
	Our preference is to replace those entries with new entries that provide lower spectral efficiency values in order to adjust the number of repetitions.

	Samsung
	No need to support entries corresponding to non-supported modulations (e.g. the question could also be extended to 256QAM).

No need to introduce new entries to the CQI table (we have been discussing this for 3 meetings! - it should have been very clear by now) except possibly one more lowest entry to capture the full spectral efficiency loss due to 1 Rx for low cost UEs relative to legacy UEs.

	Ericsson
	Same as DoCoMo view above.
In addition, the CQI table is modified to reflect the set of number of PDSCH repetitions signalled for the CE mode the UE operates with.

	Panasonic
	Our preference is entries except for 64QAM in legacy 4 bit cQI table are supported. Not to use these entries can reduce coding rate from 16/1024 to 10/1024. Thanks to Reed muller code property, our understanding is PUCCH reception performance can be improved if it is implemented properly. Our view is 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.


	Nokia
	Slightly prefer to introduce new CQI entries, concerns a little bit possible simulation efforts on new CQI/MCS entry.

	Sony
	Mode A: Delete the 64 QAM entries and use remaining space to provide lower spectral efficiency values (for small repetitions)

Mode B: Prefer no CSI/CQI feedback bit if required either use the same table as mode A (with the deleted 64QAM entries) or use a separate table. 

	LG
	Replace them with lower SE values

	Intel
	Prefer to not support entries for higher modulation orders or replace them. The CQI feedback corresponds to CSI assuming M subframes.

	ZTE
	At least all entries with 64QAM in the Rel-8 CQI table are replaced by new entries with lower spectral efficiency, in order to indicate the number of repetitions.

A single CQI table can be used for both CE mode A and CE mode B if CQI feedback is supported for CE mode B.

The lowest spectral efficiency of new entries should be based on not only the largest number of repetitions but also the max spectral efficiency loss due to 1 Rx for low cost UEs relative to legacy UEs.

	Huawei, HiSilicon
	The 64-QAM entries do not need to be support, but there is no need to change the CQI table thanks to M>1. We made other points online in a few meetings and contributions before.


Observation 5: 

· Six companies prefer to replace 64QAM entries with lower spectral efficiency values(DCM, Ericsson, Nokia, Sony, LG, ZTE) 
· One company show the concerns on the possible simulation efforts on new CQI/MCS entry. (Nokia)
· Four companies consider there is no need to replace them with other values (Samsung, Panasonic, Intel, ZTE)
· One company is OK with possibly one more lowest entry to capture the full spectral efficiency loss due to 1 Rx for low cost UEs (Samsung)
Proposal 5: 

· 64QAM entries in CQI table are replaced with lower spectral efficiency values
· Discuss the details. 
Q6: Whether wideband CQI is supported, if so, how to compute wideband CQI
	Company
	Comments

	DOCOMO
	This would be related to Q3. If CSI measurement is performed over the same NBs as those for M-PDCCH monitoring, the resultant SB or NB CQIs are averaged and will be used as the wideband CQI.

	Samsung
	Both WB-CSI and NB-CSI are supported. Without NB-CSI, the spectral efficiency for transmissions to low cost UEs will always be very low – this should be avoided.

	Ericsson
	Wideband CQI is supported. It is determined via averaging across the monitored narrowband(s).
· For PUCCH CSI reporting, Mode 1-0 and 1-1 are wideband CQI, as in legacy. Subband CQI is not needed;

· For PUSCH CSI reporting, Mode 3-0 and 3-1 are called “Higher Layer-configured (subband CQI)”. But there is no need to differentiate wideband vs subband CQI for LC/CE UE. The supported CQI format can be called ‘subband’ CQI or ‘wideband’ CQI. Both when frequency hopping is enabled and disabled, only wideband CQI is reported; subband CQI is not needed.

	Panasonic
	Wideband CQI is supported. Wideband CQI is averaged over NBs used for M-PDCCH monitoring.

	Nokia
	Wideband CQI is needed, but not need to feedback both WB-CQI and NB-CQI  

	Sony
	Wideband refers to the system bandwidth (rather than the narrowband).  UE take an average of the measured narrowbands.  The narrowband can be a subset of narrowbands or the narrowbands where MPDCCH & PDSCH are received in case of FH.

Subband size = narrowband (6 PRBs)

	LG
	Wideband CQI is supported if frequency hopping is enabled for M-DPCCH. It is averaged over narrowbands used for M-PDCCH monitoring over different subframes.

	Intel
	· Wideband CQI is supported

· When FH is configured for M-PDCCH, wideband CQI is computed by averaging the CQI across multiple NBs

· When FH is not configured, the CQI corresponds to that for the monitored M-PDCCH NB

· If measurement gaps are defined (for CSI or intra-freq. measurements), then WB CQI can be calculated by averaging across multiple NBs (may be limited to UEs in CE mode A)

	ZTE
	If hopping is enabled, It is averaged over narrowbands the UE measures. If hopping is not enabled, it can be the CQI of configured NB sets.

	Huawei, HiSilicon
	For ‘wideband’ CQI, we understand the question to apply across the system bandwidth. If this is supported, the averaging will have a new feature compared to legacy, which is the extended time axis of the average. So we further assume we are referring only CE Mode A when discussing WB CQI. Even there, with a some subframes of repetition and possible interruptions due to invalid subframes, it is not immediately clear that WB CQI can be easily interpreted by the eNB. We are not quite opposed to having WB CQI, but the computation and usage needs to be clarified.


Observation 6: 

· Whether to support wideband CQI
· Most companies consider wideband CQI should be supported (DCM, Samsung, Sequans, Ericsson, Panasonic, Nokia, Sony, Intel ZTE)
· Two companies consider wideband CQI should be supported if frequency hopping is enabled for MPDCCH (LG, DCM and Panasonic?)
· How to compute wideband CQI

· Four company consider it is averaged over NBs used for M-PDCCH monitoring (DCM, Ericsson, Panasonic, LG)

· One companies consider it is averaged over all the monitored NBs for both M-PDCCH and PDSCH (Sony)

· One company (Huawei) suggest that the computation and usage need to be clarified.
Proposal 6: 

· Wideband CQI is supported at least if frequency hopping is enabled for MPDCCH.

· Wideband CQI is obtained by averaging over NBs used for M-PDCCH monitoring 

Q7: Whether both CSI-RS and CRS based CSI measurements are supported or only CRS based CSI measurements
	Company
	Comments

	DOCOMO
	For TM9, our preference is to support CSI-RS based CSI measurement.

	Samsung
	Only CRS-based CSI measurements for all TMs. No need for more CSI measurement complexity than a Rel-8 UE.

	Ericsson
	This question is relevant to TM9 only for Rel-13 LC/CE UE. For TM9, CSI-RS based CSI measurement should be supported.

	Panasonic
	Our view is to use CRS-based CSI measurement only for all TMs. In case of CSI-RS, we may require the larger standardization effort in the following.

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.

	Nokia
	We support CSI-RS based CSI measurement for TM9.

	Sony
	Only CRS based measurement.

	LG
	We consider CSI-RS based measurement can be supported at least for no repetition or CE mode A. We do not consider repetition of CSI-RS should be supported. 

	Intel
	Only CRS-based CSI measurements are supported.

	ZTE
	For TM9, both should be supported.

	
	


Observation 7: 

· Five companies support only CRS-based measurement (Samsung, Sequans, Panasonic, Sony, Intel)
· Five companies support CSI-based measurement for TM9 (DCM, Ericsson, LG, Nokia, ZTE)
· One company consider it is needed at least for no repetition case (LG)
Proposal 7: 

· Select one of the following two options

· Option 1: Support only CRS-based measurement
· Option 2: Support CSI-RS-based measurement for TM9
3. Conclusion
In this contribution, the companies’ views on CSI definition and formats were summarized. Based on the observations, the following proposals were drawn.
Proposal 1: 

· For mode A UE, Mode 3-0 (TM1, 2, and 9) and Mode 3-1 (TM6 and 9) are supported.

· For mode B UE, no CSI feedback is supported. 

· For eMTC UEs, subband CQI is replaced by narrow band CQI.

Proposal 2: 

· For mode A UE, select one of the following options

· Option 1: Mode 1-0 (TM1, 2 and 9) and Mode 1-1 (TM6 and 9) are supported.

· Option 2: Mode 1-0, 1-1, 2-0, and 2-1 are supported.

Proposal 3: 

· When M-PDCCH is configured with frequency hopping, CSI measurement is performed for the NBs used for M-PDCCH monitoring 

· When M-PDCCH is not configured with frequency hopping, FFS whether measurement gap is used or not.

Proposal 4:

· M is equal to the minimum value of R in the set of repetition numbers of PDSCH provided by higher layer signaling.
· Common value of M is used between wideband and subband CSI.

Proposal 5: 

· 64QAM entries in CQI table are replaced with lower spectral efficiency values
· Discuss the details. 
Proposal 6: 

· Wideband CQI is supported at least if frequency hopping is enabled for MPDCCH.

· Wideband CQI is obtained by averaging over NBs used for M-PDCCH monitoring 

Proposal 7: 

· Select one of the following two options

· Option 1: Support only CRS-based measurement
· Option 2: Support CSI-RS-based measurement for TM9
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