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Discussion
1
Introduction
The definition of the CQI was discussed in last working group meeting round in both, RAN1 and RAN4. RAN1 reached an agreement regarding the CQI definition and discussed further different aspects related to channel state information reporting. It now seems that the specification in this are is getting mature, it would seem proper to RAN4 to start its work. In order to progress the work it would seem best to first discuss and agree the general framework of the related requirements covering the needed cases in a similar manner as has been done for the demodulation requirements. 
2
Background
The purpose of the channel state information, CSI, reporting is to provide information about the DL channel state to the eNB in order to help the packet scheduling decision. The main difference of the LTE channel state feedback compared to the HSDPA is the frequency selectivity e.g. the information regarding the distribution of channel state over the frequency domain can also be provided. CSI is estimated by the UE and reported to the eNodeB by using PUCCH or PUSCH. 

Channel State Information

The CSI can be divided to three different parts; Channel Quality Indicator (CQI), Rank Indicator (RI), and Precoding Matrix Indicator (PMI). Most important part of the channel state feedback is the CQI. RAN1 has defined CQI as a table with 16 entries corresponding to modulation and coding schemes (MCSs). According to the CQI definition UE shall report back the highest CQI index corresponding to the MCS for which the transport block BLER shall not exceed 10%. RI is relevant when UE is operating with spatial multiplexing precoding, e.g. it is not used in combination of single antenna transmission or transmit diversity precoding. RI is the UE recommendation for the number of layers that could be used in spatial multiplexing and it is always associated with one or more CQI reports. As name indicated the PMI provides information about the preferred precoding matrix. Similarly to RI, PMI is relevant only when spatial multiplexing precoding is used.

Reporting 
The reporting of the CSI can be split to two main categories, periodic and aperiodic. Periodic reporting is transmitted on PUCCH and the reporting cycle is configured by eNB. Periodic reporting has more limited size and therefore for example the amount of frequency domain information is more limited. Aperiodic reports are explicitly triggered by the eNB by using a specific signalling. The triggered CSI information in then transmitted on PUSCH alone or combined with data transmission. Aperiodic reporting allows larger and more detailed reports to be send. These two modes can be used to complement each other e.g. periodic CSI reports can give coarse information about the channel quality when UE is not scheduled and this information can be complemented by aperiodic reporting when UE is scheduled. 
Reporting schemes

As noted earlier the major difference compared to HSDPA CSI reporting is the frequency selectivity. In order to avoid excessive UL signalling overhead different compression schemes have been specified. Firstly the CQI reported per sub-band basis. The sub-band size is dependent of the reporting mode and channel bandwidth. To further reduce the amount of reported CQI information delta compression can be used e.g. reporting a delta compared to selected CQI reference. The reporting schemes that can be used to compress the information can be split to three main methods; wide band feedback, UE selected sub-band feedback (aka average Best-M) and higher layer configured sub-band feedback (aka full feedback). In case of wideband feedback only single CQI valued is reported, covering the whole system bandwidth. In case of UE selected sub-band feedback a CQI is reported for the UE selected best M sub-bands together with the location of the sub-bands. In case of full feedback separate CQI is reported for each sub-band using delta compression. These schemes can be combined in different manners with PMI and RI reporting to formulate different periodic and aperiodic reporting options. These are illustrated in Figure 1. Details of these schemes like sub-band sizes for different system bandwidth options can be found in [1] and are not covered in context of this contribution. 
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Figure 1. Categorization of CQI/PMI/RI reporting options
3
Verification methodology

The verification method of the CSI requirements has been discussed in earlier contributions and also covered in discussions had RAN4 under various topics. Based on the latest discussion seems that there is a consensus that change in verification method should be considered compared to HSDPA. Thus it has been discussed and proposed that variable reference channel based approach would be used e.g. that the eNB emulator would have link adaptation enabled and would follow the CSI information send by the UE in terms of CQI (MCS), PMI and rank. 

Variable reference channel was considered earlier as a candidate for the HSDPA CQI requirements but was abandoned for more focused verification trying to cover different aspects separately. Using the variable reference channel approach and setting the requirement in terms of throughput has the benefit that it corresponds to the behaviour faced on the real deployments and therefore seems more relevant way to verify the UE CSI reporting. It allows covering all aspects in the same test, e.g. CQI, PMI and RI reporting together with the frequency selective allocation.

It should be noted that the throughput based metric including the link adaptation is somewhat insensitive to aspects like latency and variance of the CQI report. However this would seem to indicate that the practical system performance is also somewhat insensitive to them, thus this would not seem to hinder to use of this approach. Throughput based metric combined with link adaptation is naturally sensitive to the operation point used in selecting the CQI and could cause some variance between results from various companies. This can be covered under alignment simulations and try to be removed. In practical deployments it can be expected that the eNB would have some for of adaptation method to adjust the operation point if seen necessary, but such may not needed in eNB emulator used in tests. 

Thus it would seem preferable to perform the CSI report testing while assuming link adaptation in eNB emulator so that the emulator would follow the CSI reported by UE. The detailed assumption related to eNB emulator behaviour should of course be agreed and fixed. In respect of CQI, PMI and RI the operation should be rather straight forward e.g. eNB emulator should follow the information provided by UE. Area probably needing some further discussion is the operation in case of frequency selective CSI information. In case of periodic or aperiodic reporting with UE selected sub-band feedback it would seem most natural that the PRB allocation follows the preference reported by UE when available. For example in case of periodic reporting the UE would be allocated with the reported CQI on the UE preferred sub-bands on those sub-frames the information is available. When a wideband CQI is reported, allocation would be done correspondingly (e.g. full allocation). In case of periodic reporting with UE selected sub-band feedback (average Best-M) the eNB emulator should also use the allocation preferred by the UE. In case of full feedback different approaches could be considered. It would seem most straight forward to eNB emulator to select the best/highest CQI but of course other approaches could be envisioned. 

Also when frequency selective allocation is used, there maybe some need to adjust the MCS reported by UE if centre 6 PRBs are to be used in sub-frame when common control channels are present (P/S-SCH and P-BCH). The CQI reported by UE does not account any overhear due to these channels.
4
Framework for CSI reporting requirements
As could be seen in the Figure 1 shown in Section 2 there is a rather large number of different CSI reporting options. Covering all these schemes with dedicated requirements would seem rather time consuming and also unnecessary. Different reporting schemes can be considered to be based on same principles and therefore it would seem possible to reach good coverage of requirements by selecting the cases to be verified carefully. Considered UE demodulation requirements [2] can be seen partially to cover certain aspects related to the CSI reporting, namely frequency selective PMI, these could be accounted. Furthermore it maybe of some interest to try to cover for example different precoding schemes (spatial and transmit diversity) in CSI reporting requirements, it could be considered selecting and pairing these in a reasonable manner to limit the number of test cases.
In Table 1, one possible set up for the CSI requirements is given. This covers different transmission schemes and also covers most of the different CSI reporting options. First scenario covers the periodic reporting of wideband CQI together with 1x2 SIMO. In second scenario aperiodic reporting with UE selected sub-band reporting is used. The selected scheme is 2x2 CL-MIMO so that frequency varying CQI value(s) could be expected. In third scenario full feedback is covered with 4x2 CL-MIMO. In this case the medium correlation is selected to introduce some further variation to the CQI. This however may limit the rank variation so also low correlation could be considered. In CSI-4 the periodic frequency selective reporting (Mode 2-0) is covered with 2x2 OL-MIMO and LD-CDD. Used propagation profile is EPA5 which has wide coherence bandwidth. This should result that the LD-CDD has impact to the observed channel quality. Similarly in case CSI-5 EPA5 is used with 4x2 OL-MIMO with LD-CDD and full feedback. Cases CSI-6 and CSI-7 cover the transmit diversity schemes. In case CSI-6 UE selected sub-band reporting is used and in CSI-7 full feedback is assumed.
It would seem sufficient to cover these requirements for single system bandwidth (10MHz). Different system bandwidth options result change in assumed sub-band sizes and number of assumed bandwidth parts, but the basic functionality of CSI estimation does not significantly change for different system bandwidth options.

Periodic modes 1-1 and 2-1 are not covered, as is not aperiodic mode 1-2. Mode 1-1 comprises of wideband CQI and PMI which can be seen to be covered by Mode 1-0 and Mode 3-0. Similarly Mode 2-1, which covers wideband PMI and frequency selective (higher layer configured sub-bands) CQI can be seen to have commonality with Mode 3-1 removing the need for separate testing. Aperiodic Mode 1-2 has also wideband CQI, but the PMI is frequency selective. As Mode 1-2 itself can be used in UE demodulation tests to provide the PMI in cases where frequency selective precoding is used and the estimation of CQI based on frequency selective PMI is covered in Mode 2-2 in rather similar extend it does not seem to require separate testing. 
Table 1. Initial framework of CSI reporting requirements
	Scenario
	CSI reporting mode
	Transmission mode and antenna configuration
	Propagation model
	Antenna correlation
	Verification point

	CSI-1
	Periodic Mode 1-0
	1x2 Single antenna port
	EVA5
	Low
	TBD

	CSI-2
	Aperiodic Mode 2-2
	2x2 Closed-loop spatial multiplexing
	EVA5
	Low
	TBD

	CSI-3
	Aperiodic Mode 3-1
	4x2 Closed-loop spatial multiplexing
	EVA5
	Medium
	TBD

	CSI-4
	Periodic Mode 2-0
	2x2 Open-loop spatial multiplexing
	EPA5
	Low
	TBD

	CSI-5
	Aperiodic Mode 3-0
	4x2 Open-loop spatial multiplexing
	EPA5
	Low
	TBD

	CSI-6
	Aperiodic Mode 2-0
	2x2 Transmit diversity (SFBC)
	EVA5
	Medium
	TBD

	CSI-7
	Aperiodic Mode 3-0
	4x2 Transmit diversity, (SFBC-FSTD)
	EPA5
	Medium
	TBD


5
Conclusion
In this contribution we have discussed the different CSI reporting schemes and proposed a possible way forward for the verification of the reporting. Based on the earlier discussion held in RAN4 it is seen that basing the requirements to throughput while eNB emulator follows the CSI report provided by UE and adjusts the FD allocation also accordingly would seem most feasible way forward. Furthermore an initial proposal for the CSI reporting requirements framework is made.
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