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1. Introduction 

In light of issues associated with transmitting CRS from Type II relay, the WF [1] in San Francisco meeting specifies that within eNB PDCCH coverage, Rel-8 UE should receive Rel. 8 PDCCH/CRS only from eNB. The WF also calls for further performance evaluation. With the absence of CRS sent from Type II relay node (RN), CQI report from UEs served by relay would reflect only the channel quality of direct link, rather than the combined channel (with access link) for PDSCH. So there is a performance concern that such mismatch would lead to insufficient link adaptation and thus wiping out the potential capacity gains of Type II relay.    
In this study we put link adaptation into a more realistic context -- with certain outer loop control. We provide some estimates of potential performance impact and suggest ways for mitigation.   

2.  Link Adaptation in Realistic Deployment
Link adaptation is a key technology for 3G and 4G wireless systems, especially for full buffer data traffic. Generically, link adaptation may include adjusting the degree of MIMO spatial multiplexing (e.g., rank) and precoding matrices (PMI) for transmit weighting. But more specific meaning of link adaptation is the dynamic update of MCS and HARQ retransmissions. While the accurate CQI feedback is necessary for MCS selection to match closely the instantaneous channel capacity, the performance impact of CQI accuracy also depends on the fading environment, system setup including HARQ configuration and possible control loops to be implemented.    

2.1 Imperfect CQI Feedback and MCS Selection
In realistic environment, CQI feedback and MCS selection are usually imperfect. Many factors can contribute to such imperfection and some well known factors are listed in Table 1. MCS selection normally works together with HARQ retransmissions which would provide certain tolerance so that the system can still perform well even when CQI is not reliable. More specifically, if CQI report optimistic and MCS is higher than SINR seen by the traffic, a packet will undergo more HARQ retransmissions. Vice versa, if CQI report is pessimistic and MCS is lower than traffic SINR, a packet will require less number of HARQ retransmissions. To reduce the possibility of idle resources, we often set the target BLER after 1st HARQ to be at least 10%, or set the target number of HARQ transmissions to be 2 or 3 with residual BLER < 1%. The latter setting also provide finer granularity of effective channel rate after HARQ, which is important when the numbers of CQI entries, MCS levels, or frequency resource blocks are too coarse to close match to the channel capacity. 

Table 1 Factors contributing to imperfect CQI feedback and MCS selection

	Factor
	Consequence

	· CQI delay due to uplink PUCCH/PUDCH timing and CQI detection at eNB receiver

· CQI predictor has limited capability in predicting the future CQI

· UE receiver uses moving average to reduce the estimation noise of CQI
	CQI out-dated in time-varying channel

	· Only 16 CQI indices in LTE Rel. 8
	Quantization error of channel quality

	· For >5 MHz operation, the frequency resolution of CQI or the sub-band, is wider than a physical resource block, frequency selectivity with a sub-band
	Mismatch to the actual channel quality

	· Erroneous CQI detection on UL 
	Incorrect information on the actual channel quality

	· Due to potentially different power settings for CRS and PDSCH, UE may see different other-cell interference in CRS and PDSCH
	CQI does not reflect SINR of PDSCH

	· CQI estimation has to be continuous regardless whether the UE is being served or not. To save the UE power, the corresponding algorithms are usually simpler than for the traffic demodulation which may be MMSE, MRC, SIC, etc. 
	CQI does not precisely represent link performance of PDSCH

	· Systematic bias of CQI estimation in some UEs due to manufacturing 
	System fairness affected

	· MCS thresholds are normally based on AWGN channel link curves
	Not accurate for fading channels 

	· MCS thresholds normally assume perfect channel estimation
	Not accurate with realistic channel estimation

	· MCS thresholds are usually based on link curves that cover only limited numbers of block sizes
	Not accurate for variety of block sizes


2.2 Control Loops to Compensate Imperfect CQI Feedback and MCS Selection
As said above, HARQ can provide certain tolerance to unreliable CQI. For example, when the channel is highly unpredictable and CQI feedback is not accurate, we can set the target number of HARQ transmissions higher, to say, 10% after 2 or 3 transmissions, rather than 10% after the first transmission. The overall link capacity degradation due to using multiple HARQ transmissions rather than single transmission is often small
Ideally, MCS selection should be based on the threshold of each fading channel type, block size and with extensive knowledge of demodulation/decoding implementation at UE receiver. As Table 1 shows, it is impractical for real systems to work that way. Also, there could be certain systematic bias of CQI estimate and such bias can be different for different UE receivers, resulting inaccurate MCS selection. 

A common practice in the industry is to implement control loops to compensate various imperfections of CQI feedback and MCS selection, with the goals to:

· Improve the overall system capacity

· Improve the system’s fairness

· Maintain the target BLER after certain number of HARQ transmissions    

Figure 1 is an example of outer loop control where MCS thresholds are adjusted based on CRC events after certain number of HARQ transmissions. The adjective “outer” emphasizes that such control loop is usually operated on the top of the inner loop which is CQI feedback based MCS selection. To ensure the stability and the convergence of the outer loop, MCS thresholds are often adjusted at a slower rate than the fading channel variations. This also makes sense since:

· Typically each UE is served a fraction of time and the traffic flow may not be always on for the instantaneous update of MCS thresholds. 

· Some adjustment is of long-term nature, e.g., systematic bias in CQI reporting, degradation due to imperfect channel estimation, receiver implementation, etc.  











Figure 1 An example of link adaptation with outer loop control

With some long-term measurement, the initial values of the loop can be set more appropriately, making the convergence faster. 
Again, we like to emphasize that such outer loop control is not needed for the ideal systems where the CQI reporting is perfectly accurate on time and the receiver’s performance is perfectly known at the transmitter. For those ideal cases, adding outer loop would introduce un-necessary disturbances in MCS selections and negatively impact the performance. However, we think for standards development, even at the stage of Study Item, it is worthwhile to consider link adaptation with outer-loop so that the system performance would not be evaluated with too idealistic assumptions. 
3.  Assessment via Simulations
In our simulations the CQI feedback is assumed wideband and the scheduling is not frequency selective. General simulation assumptions and relay settings are the same as in [2]. Given the imperfect CQI feedback and MCS selection, we set the target BLER after the first HARQ transmission to be 30%, to allow more room for outer-loop adjustment and relax the need for accurate CQI feedback. Before presenting the results, we envision a few reasons that would limit the impact of insufficient link adaptation:

· 3GPP Case 1 represents a multipath-rich environment with abundant frequency diversity which can average out the instantaneous channel mismatch between the combined channel and the direct link channel, over the entire bandwidth. 
· When the long-term channel strengths of direct link and access link are comparable, there would be considerable correlation between the combined channel and the direct link channel. Type II relay is most suitable for this kind of situations. 

· The insufficient link adaptation exists only in the second hop (the direct link and access link combined), while the overall link capacity depends on backhaul link capacity as well. 
So it is expected that the impact on the overall performance of Type II relay system would not be drastic, just as Table 2 shows.    
Table 2. Throughput gains for Case 1, wideband CQI
	Cell throughput gains
	5% user throughput gains

	No CRS from RN
	With CRS from RN
	No CRS from RN
	With CRS from RN

	19.4%
	24.8%
	15.1%
	21.4%


4.  Suggested Remedies
Besides the outer loop control, the following two strategies can also be used to reduce the impact of inaccurate CQI report:
1. To use wideband CQI and refrain from frequency selective scheduling. Such strategy makes sense for UEs at medium to poor geometry, since the uplink channel qualities of those UEs usually are not good enough for sub-band CQI reporting which requires more signaling overhead. It is those UEs that need relay’s assistance.  
2. To set the target BLER higher, or target number of HARQ transmissions higher than the case of having accurate CQI, in order to leave more room for HARQ self tuning. Average delay in the air interface may increase. However, full buffer traffic is our major focus whose delay tolerance is normally high.  
5.  Conclusions

In this contribution we studied the impact of insufficient link adaptation on the system performance of Type II relay due to the absence of channel quality feedback of access link or the combined link (access link and direct link) for Rel. 8 UEs. Link adaptation was put in a more realistic setting where outer loop control is used to adjust MCS selection thresholds, in order to compensate various imperfections of CQI feedback and maintain certain residual BLER level after certain number of HARQ transmissions. Simulations showed relatively small impact of insufficient link adaptation on Type II relay system performance, assuming Case 1 with wideband CQI and non-frequency selective scheduling. 

To reduce the impact of insufficient link adaptation for Rel. 8 UEs served by Type II relay, we suggested using wideband CQI and setting target BLER or target number of HARQ transmissions higher than the case of accurate CQI to make more room for self tuning through HARQ.
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