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Discussion
Introduction

In  RAN1 #80 following was agreed regarding the CSI feedback [1]:
“
· Consider simplified channel feedback for MTC power savings at least for coverage enhanced MTC UEs

· No support of periodic CSI measurement and feedback for UEs in need of large coverage enhancement

“

In  RAN1 #80b agreement on the CSI feedback was achieved [2]:

“
· For low complexity  MTC UEs in normal coverage, at least when PUCCH resource is configured, 

· ACK/NACK and SR over PUCCH is supported.

· Periodic CSI feedback over PUCCH is supported

· FFS on details
“

Further following was agreed in RAN1 #81 [3]:
“

· Note: the following bullets have no implication regarding the conditions for supporting aperiodic CSI

· FFS whether the CSI reference resource needs to be extended to more than one subframe in some cases

· When CSI reporting is supported, CSI reporting by low-cost and coverage-enhanced UEs is simplified by 

· Not reporting RI

· Within a narrowband, all the RBs in the narrowband are assumed for reference measurement

· FFS: Existing CQI table is modified by introducing new or modified CQI entries for coverage-enhanced UEs

· New or modified CQI entries provide lower spectral efficiency values than currently available

“
and

“

· CSI reference resource is extended to span multiple subframes M (M>1) at least for UEs in small DL coverage enhancement

· FFS: M is semi-statically, UE-specifically, configured, or fixed
· FFS: if and how the extension is configured
· FFS: Whether to use existing or updated CQI table 

· FFS: Entries are interpreted as corresponding to PDSCH reception over the multiple subframes M
“
and finally

“

· Rel-13 low complexity UE supports only QPSK and 16QAM as modulation schemes for PDSCH

“

It is unclear what kind of devices the MTC devices would be, which makes it difficult to define the data rate requirements, except for the know fact that TBS is limited to 1000 bits for category 0. One attempt to describe different types of devices was made in [4]. It could be envisioned that there may be metering like devices in basement having low mobility but high path loss. On the other hand, there may be devices that are in typical network coverage and may have some mobility. At the same time metering device most likely has very low data rate target whereas some other devices may have small to moderate data rate targets. In this respect the CSI feedback setup is discussed in this contribution.
On the CSI estimation and feedback 

Normal coverage case
As also expected in [4], the devices expected to operate in normal coverage may have device classes whose data rate needs are more diverse. In this case, CSI feedback including CQI and possibly even PMI may be beneficial. Currently at least periodic feedback has been agreed to be used in normal coverage even for low complexity UEs. The main difference compared to the current system is the handling of narrow bands and the definition of the reference resources. 
In principle all narrowbands will experience same path loss and other large scale propagation effects except the fast fading. One of the original targets of the CSI feedback was to utilize the frequency domain scheduling and benefit from the fast fading variations. In the MTC case, measuring CSI feedback on multiple narrowbands is not straightforward as tuning to different narrowbands would be required. This is somewhat similar as having inter-frequency measurement gaps in the current system. Considering the resulting scheduling limitations it would be most straightforward that UE opportunistically only measures the narrowband it is camping on. If the UE is only receiving PDCCH or PDSCH on certain narrowband, then this narrowband is used for CSI measurement. On the other hand, if the UE is scheduled to perform frequency change in PDSCH reception, then the UE would measure CSI on these narrowbands when scheduled.

Different CSI feedback cases are summarized in Table 1. At the moment, UE may use CRS for CQI computation in transmission modes 1-8 and in transmission mode 9 if PMI/RI reporting is not configured [5]. The benefit of using the CRS is the large density of the signal and its existence in the system. Further it is available in all subframes making it easier to use with frequency hopping. The PMI feedback can not effectively be performed with the frequency hopping due to the agreement in RAN1 #82: “Same precoding matrix is assumed per antenna port at least on the same PRB for at least X consecutive subframes” if ”frequency hopping is configured for the PDSCH with DMRS-based transmission”. If frequency hopping is not used, the PMI feedback can be useful and the feedback could be calculated from CRS or CSI-RS. Hence, it would be beneficial if UE can use CRS for CQI and possibly for PMI computation, especially considering the wider SNR range to be supported in all transmission modes. The main drawbacks of using the CRS for CSI computation are the limit of using maximum 4 antenna ports and the interference estimation bias occurring in lightly loaded network. The solution in transmission mode 10 was to use the CSI-IM resource for interference estimation but transmission mode 10 was agreed not to be supported.
Proposal 1: Avoid narrowband change due to CSI measurement
Proposal 2: Use CRS in CQI computation at least in frequency hopping case.
Table 1. Possible CQI and PMI feedback cases.

	
	Normal coverage and small CE
	Large CE

	Frequency hopping
	-CQI feedback enabled from CRS

- PMI feedback disabled
	-CQI feedback disabled

-PMI feedback disabled

	No frequency hopping
	-CQI feedback enabled from CRS or CSI-RS

-PMI feedback enabled from CRS or CSI-RS
	-CQI feedback disabled

- PMI feedback disabled


Coverage enhancement case
The [4] expects that mainly metering type of devices would require large coverage enhancement repetition levels. These types of devices would also have very low data rate requirements making the link adaptation most likely irrelevant. Considering the CSI measurements, it has already been agreed that no periodic CSI feedback is specified and CSI measurement resource would span multiple subframes for UE in coverage enhancement. The use of aperiodic CSI feedback is still open. 
If the CSI measurement is considered, the high density of the CRS signal compared to CSI-RS and the existence of the signal in every subframe makes it a good RS for the CSI measurements in this case. Further, it can be assumed that the UE requiring repetition is in coverage limited rather than interference limited location potentially reducing the interference estimation issue experienced with the CRS. Figure 1 and Figure 2 depict SINR estimation error and average SINR in a flat fading channel assuming ideal channel estimation filter and no frequency error. The estimation was made over a single narrowband. It can be seen that even though CRS based measurement can outperform CSI-RS based measurement the error level is still high at geometry factors below – 10 dB. Measurement over multiple subframes would be needed.
On the other hand, it can be expected that CSI needs to be measured over multiple subframes. Next the CSI feedback needs to be repeated over multiple subframes and finally the PDCCH scheduling information needs to be repeated over multiple subframes. As a result, the CSI information is very outdated when it can be applied. Even though there is no mobility of the metering device, there may be some fast fading variations due to the changing environment. Further considering also the difficulties measuring the multiple narrowbands, the CSI information is most likely not accurate and not suitable for link adaptation.
The abovementioned problems make the whole CSI feedback questionable in cases where large coverage enhancement levels are required. Thus it is proposed that no CSI feedback is computed and fed back in coverage enhancement case. The eNodeB can use repetition level as a sort of link adaptation and base the decision to other available information such as RSRP/RSRQ or ACK/NACK feedback.
Proposal 3: No CSI feedback is performed in coverage enhancement mode at least if large repetition levels are used.
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Figure 1. SINR estimation error.
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Figure 2. average SINR.

New CQI Table
When using repetition the link performance in certain SINR depends on both TBS and repetition level. It is difficult to determine optimal solution for transmission in each environment. Anyway this problem can be seen as part of the more general scheduling problem which is handled by the eNB. Hence it may be practical to avoid handling this issue in specification and thus define CQI table in the same was as legacy ignoring repetitions. This matches very well with the approach where CQI is not used in high repetition levels.

Proposal for a new CQI table is shown in Table 2. In the table the 64QAM CQIs have been left out. New CQI values are introduced to the lower end of the table. Intention is to have additional CQI values only for moderate repetition levels, i.e. roughly compensating the effect of missing diversity antenna. Also new values are introduced to the higher end of the table to be able to support higher data rates which are closer to peak data rate of 16QAM. This may not be necessary for all MTC devices but there may be some type of devices that benefit from this. Same table can be applied to all MTC UEs. 

Observation 1: Optimization between TBS size and repetition level is a scheduling issue
Proposal 4: Define a new MTC CQI table where only a few low end CQI values are added and peak 16QAM rate is supported.
Table 2. CQI table proposal

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	Reserved

	2
	QPSK
	19
	0.0371

	3
	QPSK
	39
	0.0762

	4
	QPSK
	78
	0.1523

	5
	QPSK
	120
	0.2344

	6
	QPSK
	193
	0.3770

	7
	QPSK
	308
	0.6016

	8
	QPSK
	449
	0.8770

	9
	QPSK
	602
	1.1758

	10
	16QAM
	378
	1.4766

	11
	16QAM
	490
	1.9141

	12
	16QAM
	616
	2.4063

	13
	16QAM
	750
	2.9297

	14
	16QAM
	870
	3.3984

	15
	16QAM
	945
	3.6914


Conclusion

Following observations and proposals have been made in this paper:
Proposal 1: Avoid narrowband change due to CSI measurement
Proposal 2: Use CRS in CQI computation at least in frequency hopping case.
Proposal 3: No CSI feedback is performed in coverage enhancement mode at least if large repetition levels are used.
Observation 1: Optimization between TBS size and repetition level is a scheduling issue
Proposal 4: Define a new MTC CQI table where only a few low end CQI values are added and peak 16QAM rate is supported.
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