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1. Introduction

In RAN4#64bis, one contribution proposed possible changes to RSRQ definitions. During the discussion of the contribution a number of companies expressed the view that changes to the RSRQ definition might bring legacy risks. For example, if a new UE operates with a legacy network, then the network cannot be aware that it measures according to the new definition. So, careful studies on the compatibility would be needed, while on the other hand all existing UE implementations can already measure RSRQ according to the current non-eICIC definitions in 36.214.
The proposals being discussed are

[image: image1]
We have included a slight clarification (highlighted) for proposal 2, based on the discussion in the meeting.

2. Discussion

Based on the discussion on compatibility and legacy risks, we do not recommend taking updated measurement definitions into use except when wideband RSRQ usage is indicated by the eNB. As UEs already implement measurements according to the current specifications (both when eICIC is in use and when it is not in use) it would seem more straightforward to keep to the existing functionalities when WB-RSRQ is not configured by the network. Since legacy networks will not configure WB-RSRQ and new networks know when UEs are using WB-RSRQ there is no concern about compatibility when the WB-RSRQ measurements are used since both UE and network are aware. Moreover, WB-RSRQ measurements clearly involve increased complexity compared to 6RB measurements, and now that they are required from the UE (rather than being an implementation option) it is worth considering if changes to the measurement definition would be justified to allow UE to implement WB-RSRQ more efficiently for example, to give benefits from lower complexity which is expected to give better power consumption, especially in DRX.
Proposal 1: Changes to measurement definitions are considered within the context of WB-RSRQ measurements only.
Discussion of changing the RSSI definition to be the total power measured over all OFDM symbols in a subframe for all cases (not only when eICIC is used).
Proposal 1 essentially means that WB-RSRQ measurements would use the eICIC measurement definition and RSSI is redefined to be measured over all OFDM symbols in a subframe rather than the symbols where CRS is present. Since the UE may still be expected to deal with the case where serving cell system BW is 15 or 20MHz, and the allowed measurement bandwidth is 50RB, our assumption is that RSSI processing is done in frequency domain (so that the non allowed part of the bandwidth received by RF can be excluded). In our understanding this would be an allowed configuration when WB-RSRQ is configured.
As was discussed in RAN4#64bis, one of the motivations of the original RSRQ definition was to allow RSSI to be measured at exactly the same time as RSRP, which is beneficial from a power consumption point of view. All release 10 UEs are, of course, able to measure RSSI over full subframes for eICIC purposes but there seems to be no reason to specify that RSSI is measured in such a way when eICIC is not configured. In this context we observe that eICIC has different requirements for its measurements such as extended measurement period for DRX measurements.
We have not identified any major benefit in changing the RSSI definition to be the total power measured over all OFDM symbols in a subframe for all cases (not only when eICIC is used) when WB-RSRQ is measured.

Discussion on allowing RSRP and RSSI to be measured over different set of RBs within the channel bandwidth
The intention of this change is to allow 6RB RSRP measurements to be used (with appropriate scaling) so that UE implementations would only need to change their RSSI measurement bandwidth to implement wideband RSRQ measurements. As observed in [1] there should be no difference between nominal 6RB RSRP and nominal WB RSRP, at least in the long term average when frequency selective fading is averaged out. One motivation for doing this would be when wideband RSRQ and feICIC features are used in combination. If this change in implementation were allowed, then the searcher would only need to perform CRS cancellation over 6RB bandwidth in order to implement the measurement part of CRS-IC. Hence we think it could be beneficial to allow RSRP and RSSI to be measured over different sets of RBs within the channel bandwidth (and the RSSI should be measured over wide bandwidth when WB RSRQ measurement is indicated). In RAN4#64bis some companies indicated a concern that measuring RSSI and RSRP on different resources in frequency domain may increase rather than reduce the complexity. While this may be somewhat implementation dependent, the proposal does not require UEs to measure RSRP and RSSI over different bandwidths and wideband RSRQ could equally well be implemented by measuring RSRP and RSSI over the full allowed measurement BW according to implementation preference.

Indeed we think that since nominally 6RB RSRP and wideband RSRP are the same, it would be very difficult ever to develop a test which determined whether the UE was using wideband RSRP in its wideband RSRQ measurement, since all that can be seen externally is the accuracy of the measurement and 6RB RSRP as a component of RSRQ is already known to be sufficient to meet the accuracy requirements. If the different types of implementation cannot be differentiated even in any carefully designed testcase, there seems no real justification to require the same subbands to be used for RSRP and RSSI. Hence we support the proposal, noting that it does not exclude implementations that derive wideband RSRQ using wideband RSRP and wideband RSSI.
Proposal 2: Allow RSRP and RSSI to be measured over different set of RBs within the channel bandwidth when wideband RSRQ measurements are indicated by eNB.
This brings us to a general point which we would like to raise in RAN4. Both wideband RSRQ measurement and feICIC are being worked on in parallel for the completion of release 11. However, these are not completely independent topics because the interaction of CRS-IC with wideband measurements needs to be well understood. If wideband RSRQ measurement work is not sufficiently mature to facilitate this, an alternative approach could be that the UE performance is not specified when wideband RSRQ and feICIC are simultaneously activated, at least in the release 11 timeframe. Hence we propose

Proposal 3a : The possible simultaneous configuration of wideband RSRQ is considered in RAN4 work on feICIC

or

Proposal 3b : UE measurement performance is unspecified when feICIC and wideband measurements are configured simultaneously.

Proposal 3a may be preferable for the thorough completion of release 11, however proposal 3b could be considered as a possible shortcut for release11 completion to avoid considering the interactions between these two RAN4 topics.
We provide a possible measurement definition as a text proposal in annex A. For convenience this is shown with track changes using the existing RSRQ definition as a baseline, although the intention would be to introduce an entirely new measurement definition to 36.214 for the wideband measurement case.
3. Conclusions

In this contribution we discuss motivations for changing RSRQ definition. As there are possible legacy and backwards compatibility considerations, we propose
Proposal 1 : Changes to measurement definitions are considered within the context of WB-RSRQ measurements only.
This ensures that legacy network cannot be impacted by changes to RSRQ definition since the legacy network cannot indicate to any UE to perform WB-RSRQ measurement. Moreover, a release 11 network will be aware of which UE are performing WB-RSRQ measurements and can configure measurement events and handle measurement reports appropriately for the updated definition.
Considering the possible changes to measurement definition, we do not recommend changing the RSSI definition to be the total power measured over all OFDM symbols in a subframe for all cases (not only when eICIC is used). However, we believe there may be advantages in allowing the RSRP and RSSI to be measured over different subbands of the channel bandwidth when wideband RSRQ has been configured. So we propose:
Proposal 2: Allow RSRP and RSSI to be measured over different set of RBs within the channel bandwidth when wideband RSRQ measurements are indicated by eNB.
Finally, we think that it is important that either RAN4 requirements consider the impact of wideband RSRQ and feICIC simultaneously, or we explicitly exclude the simultaneous configuration of both release 11 features. Since both features are being worked on in parallel, there is otherwise a risk that interactions in CRS-IC and wideband measurement will not be taken into account by RAN4. Hence we make two alternative proposals:

Proposal 3a : The possible simultaneous configuration of wideband RSRQ is considered in RAN4 work on feICIC

or

Proposal 3b : UE measurement performance is unspecified when feICIC and wideband measurements are configured simultaneously.

Finally, a text proposal for a new wideband RSRQ measurement quantity is provided in annex A.
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Annex A : Text proposal for 36.214

Note : For convenience this is shown with track changes using the existing RSRQ definition as a baseline, although the intention would be to introduce an entirely new measurement definition to 36.214 for the wideband measurement case.
5.1.x
Wideband Reference Signal Received Quality (WB-RSRQ) 

	Definition
	WB-RSRQ meaurements replace RSRQ measurements when the EUTRA network indicates that wideband RSRQ measurements should be performed.  Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidthN shall be greater than 6 RBs.
E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. If higher-layer signalling indicates certain subframes for performing RSRQ measurements, then RSSI is measured over all OFDM symbols in the indicated subframes.

The reference point for the RSRQ shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.

	Applicable for
	RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


Proposal 1: Change the RSSI definition to be the total power measured over all OFDM symbols in a subframe for all cases (not only when eICIC is used).





Proposal 2: Allow RSRP and RSSI to be measured over different set of RBs within the channel bandwidth









