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1. Introduction
The purpose of this contribution is to present open items related to 4C-HSDPA measurements which are partly related to RAN4 work, and to present some initial thinking and analysis on the issues. We anticipate that further discussion may be needed on some of the issues and so the main purpose of this contribution is to facilitate the future work.
2. Discussion

Some of the open questions in measurements  for 4C-HSDPA are

1. How many carriers is it necessary to be able to measure simultaneously (regardless of whether compressed mode needs to be used or not)

This was raised in [1] which proposed discussing whether it is necessary to increase the UE measurement capability to up to 3 additional FDD carriers.  In order to progress this discussion, it would be necessary to better understand any scenarios in which measurements on intrafrequency + 3 interfrequency carriers is necessary to the operation of 4C-HSDPA.

In relation to this, we note that if DC-HSUPA is configured, then even a release 9 UE must support intra-frequency measurements for two carriers, and additionally two interfrequency carriers, so can in principle measure 4 carriers. So the question relates mainly to cases when DC-HSUPA is not configured, and whether then it is essential to be able to simultaneously all carriers in a 3+1 carrier scenario without DC-HSUPA configuration.
2. In what cases is compressed mode needed?

 In general, we think that relatively simple UE measurement capabilities and a quite limited number of options are needed. Our assumption (similarly to release 8 and 9 and proposal 1 in [3]) is that the mobility is based on the anchor carrier (and the UE can also measure one other carrier perform DC-HSUPA active set maintenance if DC-HSUPA is supported and configured). A minimum capability would be to make measurements of other carriers using compressed mode. However, as with release 8 and 9, there could be benefit in an optional UE capability to measure certain additional secondary carriers without compressed mode. In [3] there was a proposal that the UE would indicate the number of carriers that it was willing to perform measurement without compressed mode on. Since this proposal is quite flexible, it may bring complexity to supporting and testing different kinds of UE implementations. To attempt to simplify the measurement capability,  it might be sufficient to indicate that the UE supports an optional capability to measure on all carriers without compressed mode on which it is capable of demodulating data, subject to any limitation related to the question in section 1. 
There are a number of further questions which could  be considered related to this, some of which were also raised in [3].
2.1 Can 3C or 4C measurements (depending on the decision related to question 1) be configured at any time, or only when 3C or 4C reception is configured? Release 8 and release 9 capabilities were independent of the DC and DB-DC configuration so measurements without compressed mode could be configured at any time. On the other hand, receiving additional carriers for measurement  purposes has implications in terms of UE power consumption and possibly also limiting the dynamic range of the receiver (for adjacent carrier cases). Another aspect to consider is that RF components may be shared between bands, so the measurement capabilities on other bands may depend on which band(s) are currently configured for demodulation. For this reason, it should be carefully considered if we wish to extend the release 8/9 approach and allow measurement without compressed mode even when the 4C UE is configured to single carrier operations.

2.2 What happens when a DL carrier is deactivated by HS-SCCH order? In some ways, this is a similar question to 2.1 except that HS-SCCH deactivations can be regarded to be more temporary than RRC deactivation of a downlink carrier. However, one strong motivation for HS-SCCH orders to deactivate carriers temporarily is UE power consumption and we should try to ensure that power consumption when carriers are deactivated by HS-SCCH order can be optimised.
2.3 What happens when a DL carrier is deactivated by some DRX scheme? The possible DRX schemes for 4C-HSDPA are an discussion topic in RAN1, but assuming that some scheme is agreed, it would be important to ensure that it offers real UE power savings in practice, also considering that measurements may be configured and could require measurements of DRX carriers. 
3. What is the needed measurement performance, considering measurement without compressed mode?
For all of the cases in section 2, the performance needs could strongly influence UE power consumption . For example, the detection of availability of a 4C hotspot would appear to be significantly less time critical than the mobility of the anchor carrier, so there may be less need for very frequent measurements of  non configured, or deactivated carriers. In  general, this could help to mitigate undesirable power consumption impacts or impacts to demodulation from reconfiguring the UE local oscillator if cell search and measurement could be done less frequently especially on carriers which are either inactive or have low activity. So it may be beneficial to consider more carefully what the needed performance is, rather than simply copying intra/interfrequency requirements from release 99 on the basis that those are likely to be more than sufficient.
4. What should be assumed about the UE cell search and measurement complexity?

In [3] there was a proposal that when 4 carriers were capable of being measured, the existing intra-frequency RRM requirements relaxed by a factor of 2 are applicable for each of the 2nd and 3rd secondary carriers. It was clarified in the meeting that this was intended to reduce searcher complexity. We would like to support the view that it is important to consider cell searcher complexity in this work, even for cases where there is no DRX or other power saving opportunity (so the UE is being continuously scheduled on 4C). Again it would be good to consider the needed performance based on scenarios in which the measurements would be used rather than copying legacy requirements without careful consideration.
3. Conclusions

In this contribution, we attempt to provide a framework for considering open items related to 4C-HSDPA measurements. Although we have provided some discussion on the various questions raised, it is important to note that many of these aspects relate to compromises to minimise UTRAN or UE complexity rather than questions which have a definitive answer. In this respect, further analsyis and discussion would be beneficial to ensure that requirements can strike a good balance between measurement performance, UE and UTRAN complexity,a nd UE power consumption.
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