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1. Introduction
In RAN1 meeting #52 held in Sorrento the aspects related to the CQI definition were discussed [1]. It was decided to use the definition used in HSDPA as a base line and work further on the details. As the exact way UE obtains the estimate of the CQI cannot and should not be specified the main focus should be agreeing clear and simple definition of CQI reference period in time and frequency domain enabling common understanding of the measure between UE and eNB. Naturally the definition should be such that it is beneficial and usable from the dynamic frequency domain packet scheduling perspective. Furthermore having unambiguous definition will facilitate the verification of the interpretation by RAN4 requirements. Therefore the number of different configurations in CQI definition should be limited. 
In this contribution we evaluate some aspects of the CQI definition raised also in [2]. Namely we evaluate the impact of different assumptions on the interference estimation frequency domain and time domain (portion of sub-frame used). As the reference period for the signal part of the CQI report can be seen to be set already by the CQI reporting scheme (Average Best-M, wideband) this aspect is not further discussed.
2. Simulation results 
In this section the results evaluations of the different assumptions are presented. They are obtained from an extended link simulator, with 57 cell hexagonal grid. The timing difference between cells was due to the propagation delay i.e. the cells were synchronized. Main assumptions are summarized in Annex A.
2.1
Impact of FD interference averaging assumption in UE
Even though the exact method UE does the estimation of interference for the CQI (or the FD/TD averaging used) cannot be mandated, the CQI definition should contain some reference ‘period’ in this respect. As noted earlier the reference period in frequency domain for the serving cell signal (“signal” part in CQI) can be seen to follow the selected CQI reporting scheme, thus this aspects seems clear enough. Following this, two basic approaches for the interference estimation can be envisioned, either the UE uses same FD assumption (reference period) for the interference estimation as it uses for the signal or it tries to obtain estimate of the wideband interference estimate. Former corresponds to the situation where PS attempts to follow both channel (serving cell signal strength) and interference variations. In latter case the PS will only try to schedule based on the channel variations. The simulation results presented in this contribution aim to evaluate the difference seen in user throughput while using the two different approaches mentioned for interference estimation. 
In these simulations the serving cell uses single transmit antenna and interfering cells use spatial precoding with 2 TX antennas assuming single codeword transmission. The precoding used in the interfering cells was randomly varied, being updated every 1ms (following the PS update rate). Load in interfering cells was varied from 100% to 10% in terms of PRB utilization. For the serving cell the PRB utilization is 10%, corresponding allocation of 5 consecutive PRBs. The width of the used allocation is somewhat wider than the coherence bandwidth of the channel used (ETU) but does not have impact to the relative comparison between the two schemes.  The packet scheduler from the serving cell follows the CQI reports of the user of interest at the rate of the 1ms. The modulation and coding and allocated PRBs are reselected based on the UE CQI report. In case of fractional load (i.e. PRB utilization < 100%) random FD PS was assumed in interfering cells.
Figure 1 to Figure 4 show the obtained user throughput CDFs with different loads in the interfering cells assuming 1ms update rate in the precoding and PRB allocation. In the figure legend “Sub band” corresponds to the case when interference for the CQI is estimated on the same bandwidth as the channel amplitude and “Full band” signifies the case when the interference estimate is based on whole band. X axis is in kbit/s.
 Based on these results following observations can be made. Reducing the load in interfering cells improves the user throughput performance for both CQI estimation schemes, as could be expected. Regardless the load assumption, doing full band interference estimate gives better performance. This is shown predominantly at low user throughput levels. Based on these results it would appear that from throughput perspective it would be most attractive to assume always full-band interference estimate.
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Figure 1. User throughput CDF for 100% load in interfering cells.
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Figure 2. User throughput CDF for 50% load in interfering cells.
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Figure 3. User throughput CDF for 25% load in interfering cells.
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Figure 4. User throughput CDF for 10% load in interfering cells.


As noted the previous result were carried out assuming 5PRB granularity for the FD allocation in serving and interfering cells. Furthermore the impact of assuming single transmit antenna on the interfering cells was also covered. Figure 5 shows the difference between the interference estimation schemes with aforementioned assumptions. Reducing the number of interfering transmit antennas or the FD granularity does not change the order of superiority for the interference estimation approaches in terms of user throughput.

It could be envisioned that in fractional load case network could try to limit the variation of the FD allocation to achieve some level of soft re-use.  Therefore additional simulations were carried out with different PRB allocation update rate in the interfering cells, e.g. 10ms. This was done to see the impact of more stabile interference behavior. The serving cell PS update rate was still maintained at 1ms. The results can be seen for both interference estimation schemes in Figure 6. As could be expected, increasing the scheduling latency/stability reduces the difference between two interference estimation approaches. This was done with 50% loading and some further change in performance could be expected to be seen with lower load and longer stability. 
.
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Figure 5. User throughput CDF for 40% load in interfering cells and single TX transmission 
	[image: image6.emf]
Figure 6. User throughput CDF for 50% load in interfering cells and 10ms PRB allocation update rate.


2.2 Effect of the portion of RS used for interference estimation
The effect of excluding the RS on first OFDM symbol of sub-frame was also evaluated. As the first OFDM symbols of the sub-frame can be considered to be more loaded than the rest of the symbols in sub-frame due to the control channel transmission e.g. PDCCH/PCFICH, thereby resulting higher interference level and bias to the used CQI value in synchronized scenario. Excluding the first symbol from the interference estimation should enable the interference estimate follow more closely the interference seen by the data.

The impact of excluding the RS carried by the first ODFM was simulated for only the full-band  interference averaging scheme. As this can be seen mostly relate to link adaptation, these simulations were carried out without FD PS in the serving cell. In these simulations 20% load in interfering cells was assumed (with 2 TX transmission) and 2 PRB FD granularity. 2 TX MCW transmission was assumed from the serving cell. The results are shown in Figure 7 and it can be seen that excluding the first symbol improves the achievable performance. 
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Figure 7. User throughput CDF for 20% load in interfering cells with different interference estimation assumptions.


3. Conclusions

In this contribution we have evaluated some aspects related to the CQI definition. As CQI definition can be seen some indicator of post receiver SNR, it can be considered to construct of two parts, signal power/amplitude and interference power. In order to enable various CQI reporting schemes (e.g. wideband, Average Best-M) it would seem natural that the reference period used for the signal part should follow these definitions. Thus the reference period for the signal part in terms frequency domain characteristics is given by the CQI reporting scheme. For the interference part is felt that it would be useful to specify reference period also for the frequency domain to ensure common understanding of the CQI report for UE and packet scheduler. 
Based on the evaluated cases it was observed that assuming full-band interference estimate results always better performance compared to the sub-band interference estimate.  Thus for the considered cases with rapid varying inference, our system level simulations show that using a wideband interference estimate for the CQI report is also the preferred method for the average best-M scheme. Therefore it would seem preferable that in terms of the interference the reference period would be set according to the full-band assumption. However as indicated by some results, if system is able to limit the variation of the interference it could be beneficial to allow, especially in case of average Best-M, to get information of the preferred allocation and CQI accounting the sub-band interference. Need for this can be elaborated by considering the implications the full-band interference reference period will have to the “matching” of the selected CQI. The CQI should correspond to the maximal transport block size (expressed via modulation scheme and effective coding rate) that the terminal can support with BLEP>10%, assuming scheduling on the PRBs indicated by the CQI report (i.e. all PRBs for wideband CQI and the best M subbands for the average Best-M CQI scheme). In the case where full-band interference estimate is assumed, it cannot be ensured that this criterion is strictly fulfilled if interference is rapidly varying. Accounting this and some specific network operation modes it could be considered to define two separate reference periods for the interference:

· A primary reference period according to the system bandwidth for all the CQI reporting schemes allowing network to do channel dependent PRB and CQI selection. 
· An alternative option, especially for Best-M average, where reference period is set similarly as the signal part, thus following the selected reporting granularity. This latter option would need to be further evaluated to confirm its necessity and ensure that options related to CQI are limited to essential ones.
Even though not explicitly evaluated in context of this contribution it is seen that one common time domain reference period is sufficient for the CQI. No need for multiple time domain reference periods are seen especially if the interference reference period in frequency domain corresponds to the full system bandwidth. Furthermore in context of time domain, as raised in [2] it was also observed that in case of synchronized network the bias introduced by the virtual higher load on the first OFDM symbol (due to PDCCH etc.) in low load conditions could cause negative implications to the achievable user throughput. Similarly it could be considered that in case of very low load and synchronized network the bias caused by the non-frequency shifted RS from interfering cells could have some implications. However it is not clear whether handling of these need to be especially accounted by the CQI reference period definition.
4. Proposal

Thus following proposals are made:

· (Confirm that) Reference period for the signal part in frequency domain should (obviously) follow the used CQI reporting scheme

· Reference period for the interference part in frequency domain could be set according to the full system bandwidth assumption
· It should be noted that depending on the interference characteristics criterion for the CQI selection may not strictly hold.
· For the Best-M average, alternative option is evaluated, setting the reference period for the interference according to the selected reporting granularity
· E.g. signal and interference part would have matching reference period in frequency domain.

· Need of this would be further evaluated. 

· One common time domain reference period is assumed for all CQI reporting schemes
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Annex A. Assumptions
Table 1. Assumptions
	Parameter


	Assumption

	Cellular layout
	Hexagonal grid, 19 sites with 3 sectors

	Site to site distance
	500m

	Propagation model
	128.1+3.76log10(dkm)

	Std. of slow fading
	8dB (correlation between sectors=1, between sites =0.5)

	Carrier frequency
	2100MHz??

	Bandwidth 
	10MHz

	Multipath fading
	ETU with 3km/h

	Cyclic prefix length 
	Normal ((f = 15kHz)

	Total base station transmit power
	40W/3 per sector

	Base station antenna gain
	14dBi

	Antenna pattern 
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is defined as the angle between the direction of interest and the boresight of the antenna, 
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 is the 3dB beamwidth in degrees, and  Am is the maximum attenuation. Front-to-back ratio, Am, is set to 20dB. 
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used is 70 degrees .

	Traffic model
	Load in interfering cells varied to obtain desired (constant) level of PRB utilization

	Packet scheduler
	Randomly varying PRB allocation in frequency domain for the interfering cells. In serving cell, UE requested PRBs are allocated.

	CQI delay
	2ms

	CQI TD averaging
	2ms

	Link adaptation
	LA outer loop was disabled.

	Modulation and coding schemes
	QPSK, 16QAM and 64QAM, coding rates varying from 0.33 to 0.8??

	Number of HARQ processes
	6

	Max number of transmissions per H-ARQ process
	4

	RV sequence 
	{0,1,2,3}. 

	ACK/NACK&PMI feedback error rate
	0%

	Reference signals
	RS symbols are transmitted at same power as data symbols in case of single transmit antenna port and with 3dB higher power than data symbols in case of two transmit antenna ports.

	PDCCH
	 2 symbols reserved. Assumed to be always correctly received.

	Other common channels
	P-BCH and P/S-SCH are accounted by limiting the number of free RE’s in sub-frames #0 and #5 

	Number of UE antennas
	2 (Fully uncorrelated)

	Number of eNb antennas
	1 or 2 (Fully uncorrelated)
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