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1 Introduction

Two aspects of CQI reporting are currently missing for the case when MIMO and CPC are both configured for the UE:

(1) The specification of which subframes shall be used for the CQI reporting pattern, in terms of CFN_DRX (this is already done for the non-MIMO section, but needs copying to the MIMO section).

(2) The specification of which type of CQI report (Type A or Type B) shall be sent on each occasion when CQI is transmitted. 

(1) is easy to solve: the following text should simply be copied into the MIMO section of 25.214 from the non-MIMO section:

For k > 0 when DTX_DRX_STATUS is TRUE, the UE shall transmit the CQI value as specified in 6C.2 based on the CQI transmission pattern. The CQI transmission pattern is the set of HS-DPCCH subframes whose HS-DPCCH discontinuous transmission radio frame number CFN_DRX and subframe number S_DRX, both defined in 6C.3, verify:
((5*CFN_DRX - UE_DTX_DRX_Offset + S_DRX ) mod k') = 0, with 
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The remainder of this contribution focuses on (2).

2 Background

In both MIMO and non-MIMO modes, it is advantageous for the network to align the CQI feedback cycle period k with the CPC DTX and DRX cycles. 

If this alignment comprises setting k equal to the DTX cycle period, then the CQI feedback rate is unaffected by the value of CQI_DTX_Priority. 

More usefully, the DTX/DRX cycle period may be configured to be an integer multiple of the CQI feedback cycle period k. In this way the CQI feedback rate is reduced in the intervals between packet transmission (assuming an appropriate setting of the timer CQI_DTX_TIMER which controls the length of time after each packet for which CQI_DTX_Priority=1). This enables an increase in UE sleep time and reduction in interference. 

An example of this is illustrated in Figure 1. 
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Figure 1: Example of CQI feedback cycle k'=2 subframes with DTX cycle = 4 subframes, when CQI_DTX_Priority = 0.

If the DTX cycle period is longer than k and not an integer multiple of it, a more significant reduction in the CQI reporting rate will occur. 

When the UE is not in MIMO mode, the skipping of certain CQI reports causes no particular problems (other than reduced availability of CQI) when the DTX cycle period is greater than k, as all the CQI reports are of the same type.

However, when the UE is in MIMO mode, two different types of CQI report are sent – Type A and Type B – indicating the PCI/CQI for the UE’s preferred number of streams and the PCI/CQI for a single stream respectively. Therefore skipping some CQI reports due to the DTX cycle potentially has more impact and needs to be considered more carefully. 

When CPC is not configured, N TypeA reports are sent out of every M reports (the remainder being Type B), where N/M can take the following values: {1/2, 2/3, 3/4, 4/5, 5/6, 6/7, 7/8, 8/9, 9/10, 1/1}.

This means that when the DTX cycle period is longer than k, it is highly likely that all the CQI reports of one type will be skipped if the DTX cycle period is an integer multiple of k as in non-MIMO mode. 

For example, if N/M = 1/2 (probably a likely case), then setting the DTX cycle period to any multiple of k will result in either all the Type A reports being skipped or all the Type B reports being skipped (which type is skipped depends on the DTX-DRX offset value). This is illustrated by the example in Figure 2.
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Figure 2: Example from Fig. 1, with MIMO configured with N/M = 1/2.

In general, setting the DTX cycle to any integer multiple of Mk will result in all the CQI reports of one type being skipped. For example, if N/M = 3/4, setting the DTX cycle period to 4k will cause all the transmitted CQI reports to be of the same type. 

3 Discussion of possible solutions

One question is whether it is useful to provide both Type A and Type B reports when DTX is active. The answer may depend on the traffic model – for example, with low-rate data services it may be argued that the transmission could always start with a single stream and then switch to dual-stream. However, with a download traffic model it could be quite reasonable to start straightaway with two streams if the channel conditions were suitable. Further, it would be expected that the UE would not be configured in MIMO mode at all if the use of two streams was considered unlikely. Consequently it does not seem possible to conclude that only one type of CQI report needs to be supported in the low-activity phase.  

One possibility then would be always to set M to be greater than the DTX cycle period: e.g. if the DTX cycle is 4 subframes and k=2ms, setting N/M = 7/8 would ensure that alternate CQI reports are of Type A and Type B respectively. However, this has the disadvantage that if N/M is set to a high value for the sake of the low-activity phases, the Type B reports will probably be less frequent than desired during packet transmission. 

Reconfiguring N/M every time CQI_DTX_Priority changed would be impractical and is contrary to the spirit of CPC which avoids higher-layer signalling for these transitions. 

Another possibility would be to configure two sets of N/M values when MIMO mode is configured for the UE. However, this is problematic as the second set of N/M is only needed when both CPC and MIMO are configured. The RRC signalling for these two features is independent, so there is no obvious message in which to include the second set of N/M values. 

A practical solution seems to be to define a rule at Layer 1 which prevents all of one type of CQI report being extinguished by the DTX cycle. Whatever rule is defined should be simple and easy to follow. 

One possible rule would be to make the type of the CQI reports when DTX is active depend on the actually-transmitted reports rather than the CFN, as shown in Figure 3. 
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Figure 3: Example of solution where CQI types are not related to CFN

However, this would lose the relationship between the CFN and the type of CQI transmitted, and therefore increase the probability of the Node B “losing sync” with which type of CQI report the UE is sending. 

We therefore propose keeping the existing rule based on CFN, but additionally forcing one of the other-type CQI reports to be sent occasionally if the DTX pattern is otherwise excluding them. 

We do not consider it necessary to define a more complicated rule to maintain the ratio N/M during the low-activity phase of CPC. It should be adequate simply to ensure that at least one report of each type is able to be sent within a certain time window. 

This additional rule would only need to apply if M>N (i.e. not 1/1) and DTX_cycle ≥ M.k' (i.e. the DTX cycle has the possibility to extinguish all CQI reports of one or other type).

The rule could be something like the following:

if during a period of 3 x DTX_cycle subframes (aligned to CFN_DRX) only one type of CQI would be transmitted, the last transmitted CQI value in that period would automatically be of the other type. 

The value “3” seems reasonable but could be different if it is felt that another value would be better. Our proposal is to fix one single value for simplicity. 

This proposal is illustrated in Figure 4.
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Figure 4: Example of solution to prevent all CQI reports of one type being DTX'ed

4 Conclusion

Based on the above proposal, we show some possible text for 25.214 below. A draft CR is attached. 

This part is modified directly from the non-CPC section:


When the relation 
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holds, the UE shall report a type A CQI value. Otherwise the UE shall report a type B CQI value, 

with the following exception:

if M_cqi > N_cqi_typeA and DTX_cycle_1 is greater than or equal to M_cqi.k', then 

if the current Uplink DPCCH Burst Pattern Length is DTX_cycle_1, then 

if only one type of CQI report would be transmitted during a period of length 3 x DTX_cycle_1 subframes beginning when ((5*CFN_DRX - UE_DTX_DRX_Offset + S_DRX ) mod (3 x DTX_cycle_1)) = 0,  then 

the last transmitted CQI report coinciding with an Uplink DPCCH Burst in the above period of length 3 x DTX_cycle_1 subframes shall be of the type that would not otherwise be transmitted. 

Otherwise, if the current Uplink DPCCH Burst Pattern Length is DTX_cycle_2, then any transmitted CQI report shall be of the same type as would be transmitted in that subframe if the Uplink DPCCH Burst Pattern Length was DTX_cycle_1. 

This part corresponds to the exception shown in Fig. 4

Note that the type of CQI reported as defined above is not dependent on which DTX_cycle is currently being used, nor on the current value of CQI_DTX_Priority. This means that even if the UE and Node B somehow have different ideas as to the current values of DTX_cycle and/or CQI_DTX_Priority, the Node B will not try to decode the wrong type of CQI. 
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