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1 Introduction
RAN#46 initiated a work item on 4-carrier HSDPA operation [1]. As mentioned in our earlier contributions [2][3][4], whereas Rel-9 dual-band DC-HSDPA is identical to Rel-8 single-band DC-HSDPA from L1 point of view, we may want to consider some possible optimizations for the dual-band case in Rel-10. In this contribution we present our views on the CQI feedback cycle for 4C-HSDPA. 
We originate from the agreements reached at RAN1#60bis


[image: image1]
From these agreements it is evident that RAN1 needs to decide:
· The minimum CQI cycle for the 3C w/o MIMO

· Whether CQI feedback cycle, etc. should be configurable per carrier or a common to all carriers.
2 Discussion
2.1 Minimum CQI feedback cycle
The only open issue related to the minimum CQI feedback cycle from RAN1#60bis is the 3C case when none of the carriers is configured with MIMO. In principle there are three options available: 2ms, 4ms, and the so-called “cross-combined” scheme. As we have made clear previously we do not see any need to support a CQI feedback cycle smaller than 4 ms. This conclusions is based evaluations performed by several companies. E.g. [5] and [6] have confirmed that any potential “performance loss” of using a CQI feedback cycle of 4ms instead of 2ms is insignificant when a carrier is configured with MIMO. Similar analysis for the case where MIMO is not configured was performed during Rel-8 in e.g. [7]. Also in that contribution the conclusion was that there is an insignificant (less than 2 percent) performance loss of using a CQI feedback cycle of 4ms instead of 2ms.
With respect to adopting cross-combined CQI feedback scheme we do not see any strong technical motivations. First, this scheme would only be able to reduce the minimum CQI feedback cycle from 4ms to 3ms. Thus, the additional gains would be even smaller than when one considers the difference between 4ms and 2ms CQI feedback cycles. Secondly, it is unclear how/if the cross-combined CQI feedback scheme would work when the different carriers are associated with different CQI feedback cycles. In our view, different CQI cycles could be useful for minimizing overhead feedback in scenarios where the downlink carriers are spread over multiple bands. Third, it is ambiguous as to whether this scheme also would be applied for other signalled CQI feedback cycles than the minimum (3ms). Fourth, we do not support a 3ms feedback cycle as of today and for Rel-9 it was agreed that a minimum CQI feedback cycle of 4ms was sufficient. Also if it is important to minimize the CQI feedback cycle it is worthwhile noticing that the SF128 HS-DPCCH design could in principle support a 2ms CQI feedback cycle (if the Rel-8 CQI coding were employed). Fifth, a cross-combined CQI scheme would result in parallel modes where the CQI formats used by the UE are different depending on whether the UE has been configured with 4C without MIMO and one of the secondary carriers has been deactivated or if the UE has been configured with 3C without MIMO. Finally, the cross-combined CQI feedback scheme would be associated with additional Node-B complexity. For all the reasons above we propose:

Proposal 1: Adopt 4ms as the minimum CQI feedback cycle for the case 3C w/o MIMO.

2.2 Per carrier or common parameters

The second open issue is whether the CQI parameters should be configurable per carrier or whether they should be common for all carriers. As we have expressed in previous contributions we do believe that there is some value in having the ability to configure independent CQI feedback cycles. This is mainly due to that different frequency bands will be associated with different coherence time and the fact that MIMO can be configured on a per carrier basis. To minimize the CQI related overhead it may thus be beneficial to be able to specify two different CQI feedback cycles, one for each band, or one for each carrier if this is simpler from specification point of view.

As an illustrative example, consider the case when the UE is configured with a primary carrier without MIMO in a lower frequency band and one or more secondary carriers with MIMO in a higher frequency band. In this case, it seems reasonable to configure the UE with a longer CQI feedback cycle for the primary carrier in the lower band and a shorter CQI feedback cycle for the secondary carriers in the higher band. For cases like this, it would be possible for NodeB to dynamically control the level of CQI-related control signaling overhead by deactivating the carriers with the shorter CQI feedback cycle e.g. during periods of temporary data inactivity.
Proposal 2: The CQI feedback cycle is configurable per carrier. 

Furthermore, as long as CQI/PCI for each carrier is self-contained, i.e. not coded jointly with the CQI/PCI of any other carrier, it should be straightforward to configure different CQI feedback cycles for different bands or carriers as long as we assume sensible parameter settings (i.e. CQI feedback cycles and CQI repetition factors) that do not result in overlap between CQI/PCI fields for different carriers.
It has also been suggested to allow the CQI feedback cycle to change dynamically when NodeB deactivates secondary carrier(s). However, we do not see the need for this additional complexity. Simulation results provided in [5] and [6] indicate that there is no significant performance improvement to be gained from such a scheme. We prefer to stick with the approach agreed for Rel-9 where the CQI feedback cycle remains the same regardless of the secondary carrier activation status(es).

Since the CQI feedback furthermore is transmitted on a primary uplink frequency only we do not see any need for supporting different CQI repetition factors for the different downlink carriers. Hence we propose:

Proposal 3: The CQI repetition factor ‘N_cqi_transmit’ is common for all downlink carriers.  

Proposal 4: The CQI information associated with carrier k is transmitted in consecutive manner if CQI repetition is employed. 

It should also be decided whether the CQI reporting reduction (specified in TS 25.214 section 6C.1) should be band or carrier-specific or common. The state machine (CQI_DTX_Priority) and even the threshold parameter (CQI_DTX_TIMER) could be band or carrier-specific.
However, in our view the potential gains from band/carrier-specific CQI reporting reduction are probably quite insignificant since it is only when the CQI reporting reduction takes effect for all CQI reports (for all downlink carriers) that the UE will be able to skip the transmission of some UL DPCCH bursts. It should also be noted that CQI transmissions for secondary carriers can be switched off altogether by an HS-SCCH order for carrier deactivation.

Proposal 5: For the CQI reporting reduction mechanism, there is a single state machine (CQI_DTX_Priority) and a single threshold parameter (CQI_DTX_TIMER)
3 Conclusions
This contribution has discussed some of the outstanding issues related to CQI feedback information. The following proposals summarize the contribution:

Proposal 1: Adopt 4ms as the minimum CQI feedback cycle for the case 3C w/o MIMO.

Proposal 2: The CQI feedback cycle is configurable per carrier. 

Proposal 3: The CQI repetition factor ‘N_cqi_transmit’ is common for all downlink carriers.  

Proposal 4: The CQI information associated with carrier k is transmitted in consecutive manner if CQI repetition is employed. 

Proposal 5: For the CQI reporting reduction mechanism, there is a single state machine (CQI_DTX_Priority) and a single threshold parameter (CQI_DTX_TIMER)
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Minimum CQI reporting period:


From RAN1#60: 4ms for all cases of 4C





3C w/o MIMO: 


Consider further between 2 ms, 4ms and “cross-combined” CQI until RAN1#61.





3C with MIMO: 4ms

















