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1 Introduction

RAN1 has extensively discussed many aspects of PUCCH CQI reporting, such as wideband CQI/PMI, frequency-selective CQI/PMI, RI, as well as the configuration parameters for same reports.

In this contribution, we discuss a refinement for the configuration of the RI element with respect to the CQI/PMI elements. Furthermore we propose a clarification of  the specification how to handle the case of report collisions occuring in the same subframe on the same PUCCH resource.

2 Discussion

2.1 Relation of RI to CQI/PMI via PUCCH

2.1.1 Reporting Interval and Periodicity of RI

Wideband CQI/PMI can be reported with an interval of NP = {2ms, 5ms, 10ms, 20ms, 40ms, OFF } on the PUCCH.

According to [1] the periodicity for the RI is M = {1, 2, 5, 10, 20, 40, OFF } times the periodicity of the wideband CQI/PMI report NP. As a result of the configuration, the effective RI report interval can take one of the following 15 values:

{ 2, 4, 5, 10, 20, 25, 40, 50, 80, 100, 200, 400, 800, 1600, OFF }
Previous contributions have shown that a difference between an RI report and a corresponding CQI/PMI report should preferably be at most 20-100 ms to avoid severe performance losses [2]. It is also clear that a very frequent update of the rank may not be required, since the channel generally does not change its “rank-related” behaviour extremely dynamically. So we think that medium-length periodicities should be sufficient for the RI on PUCCH. Furthermore, we think that these findings do not mandate the currently defined link between the CQI/PMI and RI periodicities. Therefore, we propose not to link the CQI/PMI and RI periodicities, but instead define the following:

· For the RI periodicity, the following values are configurable: { 10, 20, 25, 40, 50, OFF }.

· For the RI offset, any of the values 0..49 can be configured.

In this way, a total of 5*50+1 = 251 values are required to configure the RI.

2.1.2 Resource usage for periodic PUCCH reports

One may argue that the current way of definition linking the periodicity of the rank report to the periodicity of the CQI/PMI report is a simple way of guaranteeing a periodic usage of the assigned PUCCH resource. However, for the large majority of RI offset values the assigned PUCCH resource is actually not used periodically for means of CQI/PMI/RI reporting. A simple example is NP = 10 ms, M=1, CQI/PMI offset = 1 and RI offset = 0. In this case, the PUCCH resource is used after 0 ms, 1 ms, 10 ms, 11 ms, ... . Consequently, we do not see this as such a strong argument for keeping the strict link between the CQI/PMI periodicity and RI periodicity either.

2.1.3 Stand-alone RI on PUCCH

Furthermore, with the current configuration, it is apparent that an RI cannot be transmitted without an accompanying configured wideband CQI/PMI report, since in such a case NP = OFF and M x NP should also be interpreted as OFF. While it is currently possible to configure an RI-only report by setting M=1 and the RI offset to zero, this requires an unnecessary configuration message for the never-to-be-used CQI/PMI part. 

Having only a periodic RI configured for PUCCH should give a benefit for a system that for certain users relies heavily on aperiodic CQI reports. By periodically being updated with an RI, the eNB can time the request for an aperiodic CQI/PMI report to a situation where the UE is in a very good condition with respect to MIMO transmission modes. An illustration follows in Figure 1.
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Figure 1. Illustration of RI-only on PUCCH

Of course, a similar behaviour could also be achieved by using the aperiodic CQI functionality in a periodic fashion. But using an RI-only PUCCH has the following benefits compared to relying on aperiodic reports only:

· RI-only PUCCH does not require a PDCCH aperiodic CQI trigger each time a report is requested, i.e. the signalling cost is lower for the RI-only PUCCH solution.

· RI-only PUCCH requires fewer UL resources than aperiodic PUSCH reports

2.1.4 Priority of CQI/PMI/RI

Consequently we think that the periodicity and offset for RI should be strictly decoupled from the periodicity and offset for the CQI/PMI. The only detail that needs to be taken care of in the decoupled case is the possible collision between a CQI/PMI and RI on PUCCH. We think in this case the report having the larger configured periodicity should have priority for transmission. The case of equal periodicity parameters does not need to be taken special care of. If there is an equal periodicity with different offsets defined, then a collision can never occur.

2.2 Wideband and frequency-selective CQI/PMI via PUCCH

The frequency-selective CQI/PMI report on PUCCH is currently defined in conjunction with a wideband CQI/PMI report according to [3] and [4]. According to the respective configuration parameters in [3] we envisage that the periodicity and offset for the frequency-selective CQI/PMI report can be configured independently of the periodicity and offset of the wideband CQI/PMI.

Consequently, depending on the detailed periodicity and offset configuration parameter settings of the respective reports, there is a potential collision between a wideband CQI/PMI report and a frequency-selective CQI/PMI report.In case of collisions  the transmission priority (i.e. the resource) is given to the report with the higher periodicity parameter.

If there is an equal periodicity with different offsets defined, then a collision can never occur. Therefore, no specific handling is necessary for the equal periodicity case.
3 Proposal

· The periodicity and offset parameters for the RI report are configurable without a link to the respective CQI/PMI report parameters on PUCCH

· For the RI periodicity, the following values are configurable: { 10, 20, 25, 40, 50, OFF }.

· For the RI offset, any of the values 0..49 can be configured.

· Any collision between reports competing for the same PUCCH resource are resolved in the following manner:

· Priority is given to that report element having the larger configured periodicity
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