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1. Introduction

In [1], as well as providing the latest agreements for 4C-HSDPA, RAN2 also lists a number of open issues (partly relating to release 9) on which they wish to get feedback from RAN4. This contribution considers these issues as well as considering open issues for 4C-HSDPA measurements from a RAN4 perspective.
The action to RAN4 indicates that RAN2 wishes to get a response on this topic.
To RAN4:

ACTION:
RAN2 kindly asks RAN4 to take into account the above decisions, and to provide answers for the "Inter-Frequency Measurement with and without compressed mode" questions listed above.

2. Open issues related to RAN2
In this section, we include the open issues from [1], along with some views to attempt to address the issues. RAN2 original text is included in red font. The comments which we have provided inline are our views on an initial response to the LS.
RAN2 has the following open issues:

· Inter-Frequency Measurement with and without compressed mode:

· RAN2 has not yet captured the restriction on additional inter-frequency measurements without compressed mode that can be configured on frequencies in addition to the frequency of the serving HS-DSCH cell, when the UE is configured in DC-HSUPA. This is pending RAN4's answer to the questions below.

· A Rel-9 question was raised, which has also implications to Rel-10: 

· For Rel-9, if a UE is configured with DC-HSUPA,From RAN4 point of view, can the UE be configured to perform both inter-frequency (using compressed mode) and intra-frequency measurements on the downlink frequency associated with the secondary uplink? 

Review of TS 25.133, 25.331, 25.302, 21.905 indicates that no specification appears to provide a strict definition of what is meant by intra-frequency and what is meant by inter-frequency. In release 9 DC-HSUPA work, RAN4 did not consider about this issue, and simply developed performance requirements for measurements of downlink associated with secondary uplink based on the assumption that they would be intra-frequency measurements performed without compressed mode.

Whether inter-frequency measurements (using compressed mode) can be allowed on the same carrier frequency as then 2nd intra-frequency seems more to be a question of allowable configuration hence does not really fall within RAN4 expertise. In this special case, the main difference is that the receiver local oscillator would not need to be retuned in compressed mode gaps. While this is physically possible, it would seem inefficient from a L1 processing point of to measure exactly the same cells in both compressed mode gaps and in non-gaps. However, as noted, RAN4 did not discuss this within the context of DC-HSUPA work and cannot offer any recommendations on whether such a configuration should be allowed, with a release 9 UE.
Since this relates to release 9, which is a closed release, it should be noted that if UE behaviour (i.e. whether this is a valid configuration) is currently undefined by specifications it should only be addressed if DC-HSDPA + DC-HSUPA simultaneous operation does not work without such a configuration. However, as discussed, the question of valid configurations is more for RAN2, and from RAN4 perspective perhaps all that can be indicated is that it would be technically feasible to make a CM gap measurement without retuning the RF (which is the normal/expected operation in a CM gap).
· If the above measurement configuration is allowed, what are the current requirements according to RAN4 specifications with and without compressed mode?
Performance requirements for intra-frequency measurements are defined in 25.133 section 8.1.2.2 and performance requirements for inter-frequency measurements are defined in section 8.1.2.3. Intra-frequency measurements are always performed without compressed mode. Inter-frequency measurements may be performed without compressed mode depending on UE capabilities. If the configuration is allowed, our assumption is that measurement reports related to events/periodic reports configured as intra-frequency could be expected to meet intra-frequency requirements and measurement reports related to inter-frequency could similarly be expected to meet inter-frequency requirements. The main question to be answered however is whether the configuration is valid or not.
· Corollary questions for Rel-10:

· In the above scenarios, can the UE be asked to perform inter-frequency measurements on yet another frequency, subject to other UE capabilities? 

Release 9

Although RAN2 has asked about corollary questions for Rel-10, so far they did not yet ask about whether UE can be asked to perform inter-frequency measurements on yet another frequency, subject to UE capabilities.

As previously mentioned, RAN4 does not have opinion on whether it should be allowed to configure intra-frequency and inter-frequency measurements on the same carrier frequency. Regardless, for release 9 the following minimum capabilities are applicable (TS25.133 section 8.1.2.1 UE measurement capability)

[image: image1]
Assuming that such configuration is allowed the following seems the minimum requirement (restricting to 2 inter-frequency carriers) i.e. there could be 2 inter-frequency and 2 inter-frequency carriers, but in this case one of the carriers (F2) is both an intra-frequency and an inter-frequency carrier.
F1 : Downlink associated with primary uplink frequency

F2 : Downlink associated with secondary uplink frequency

F2 : Frequency for inter-frequency measurements (same carrier as secondary uplink frequency)

F3 : One further inter-frequency

However, since this kind of configuration was never considered by RAN4 in release 9 works, the word “additional” in “2 additional FDD carriers” may be open to different interpretations or cause confusion.

Release 10

No agreements exist in RAN4 prior to the start of RAN4#57 on which to indicate a response. This could be considered at the end of RAN4#57. Regarding number of carriers to be measured, and measurement requirements for release 10, we provide some considerations in the next section
· What are the current requirements according to RAN4 specifications with and without compressed mode in this case? 

This has not yet been agreed in RAN4. We provide some considerations in the next section.

3. Release 10 RAN4 open items
Measurements without compressed mode

Measurements without compressed mode have already been considered by RAN2, with the conclusion that a new flag is introduced which indicates that 
· The UE capability to perform measurement without compressed mode on 2 frequencies in addition to the frequency of the serving HS-DSCH cell (the anchor frequency).
As far as multicarrier-HSDPA is concerned we review the requirements for release 8 and release 9.
In release 8, related to DC-HSDPA, a TEI8 capability was introduced where UE can optionally perform measurements on (one) adjacent frequency, with a measurement period of 200ms. Cells which have become newly detectable shall be indentified and measured with the same performance requirements as intra-frequency cells, namely 800ms except if compressed mode or DRX is configured in which case the cell detection requirement may be reduced to account for the lesser time available. Reuse of intra-frequency requirements implies that from an implementation point of view, such UE has to implement 2x the searcher processing capability of a single carrier UE.
When DB-DC-HSDPA was introduced in release 9, very analogous TEI9 measurement capabilities were introduced for inter-band measurements, meaning that a UE can measure carriers on other bands without CM again with performance requirements which imply that a UE needs to implement 2x the searcher processing capability of a single carrier UE. 
One thing which wasn’t explicitly agreed in release 9 was what happens when a UE supports both optional measurement capabilities. Although in release 9 adjacent carrier DC-HSDPA and inter-band DB-DC-HSDPA may not be configured simultaneously, it is possible to make use of these measurement capabilities at any time (even when the UE is operating in single carrier mode). However, our understanding would be that the basic principle of these capabilities is that the UE should not be configured by measurements to a new RF configuration which would not be expected in its normal operation. Hence we think that although a release 9 UE may support both optional capabilities, they would not be expected to be used by the network simultaneously, and that would not be a valid configuration. However, this is not explicitly specified in our understanding, so the views of other companies should be taken into account here. It is a very relevant question when we consider the needed changes for release 10, since a different view would imply that a release 9 UE supporting both optional measurement capabilities already needs to implement 3x the searcher processing capability of a single carrier UE.
Coming to release 10, in line with the RAN2 decision it is clear that 2 additional frequencies can be measured. There are a number of sub cases that could be considered e.g.
· Two adjacent frequencies to the anchor frequency (which could either be both below the anchor frequency, one on either side, or both above the anchor frequency)

· One adjacent frequency and one inter-band carrier measurement

· Two inter-band measurements which likely have to be adjacent (or at least not outside RF capabilities of the UE)
Considering measurement performance requirements, the main question seems to be whether it should be assumed that a release 10 3/4C-HSDPA UE has 3 x searcher capabilities. Our view is that the requirements should be based on this assumption, namely the requirements for the 2 additional frequencies should be identical to the requirements for the 1 additional frequency measurement that was introduced in release 9. This means that for both carriers the measurement period would be 200ms, and assuming no CPC DRX / compressed mode is active newly detectable cells would be identified and measured within 800ms.
Measurements with compressed mode

The main discussion here is on the number of inter-frequency carriers which can be measured with compressed mode. Actually, it seems somewhat surprising that RAN2 has concluded on this topic for measurements without compressed mode, but not concluded on the capabilities for measurements with compressed mode. Our proposal is that we retain legacy requirements (i.e. 2 inter-frequency carriers can be measured with compressed mode for a number of reasons)

· Scaling of requirements according to CM gap density and number of carriers is an approximation which was found by simulation to be valid in release 99 for reasonable compressed mode gap patterns given in 25.133. Introduction of this work was communicated to RAN1 and RAN 2 in [2].  The basic technical issue is that during identification of target cell, if there is too much time difference between compressed mode transmission gaps, the UE will suffer from incoherence between signals sampled during these gaps. This inconsistency may be caused by:

· ppm drift between reference oscillators of Node Bs

· fading conditions (the channel may vary between gaps)

· Doppler shifts which may be different from the dedicated node to the measured Node B.

Since it seems that these kind of issues would be very relevant if UE should only be able to measure a particular carrier on every 3rd gap (instead of every 2nd as was assumed in rel99 work) it would seem that we would need to change the set of CM gap patterns for which measurement performance requirements are applicable, which seems rather undesirable. It seems that it would be extremely challenging in release 10 to re-evaluate these aspects which took considerable discussion and simulation in release 99.
· Since the network anyway needs to configure and control compressed mode, it is feasible for all 4 carriers to be measured under network control if this is needed in certain deployments. For example, the RNC can configure measurement on carrier #1, reconfigure to measurements on carrier #2 and reconfigure again to measurements on carrier #3. While this may seem like a more time consuming process, it should be remembered that UE measurement requirements are scaled by Nfreq and the time taken to measure candidate cells on all 3 frequencies if this were allowed would anyway be scaled by a factor of 3. On the other hand, a network controlled approach reduces the issue previously mentioned on incoherence between measurement samples (since UE is focussed to look at one frequency at a time). One minor drawback of a more network controlled procedure (if CM results are needed for all 3 frequencies) is increased signalling, but networks can still configure 2 out of 3 inter-frequency carriers (e.g. based on their prioritisation) with a single measurement control message.
· Since mobility is based on the anchor carrier for 4C-HSDPA, and some cells are necessarily adjacent to the anchor carrier, we are not convinced by the system need to measure all 4 carriers. We consider some possible use cases for measuring inter-frequency carriers
· Measurements of the secondary cell quality on each active frequency, with a view to deactivating if frequency becomes unusable. However, CQI reporting should also give similar information

· Measurements of candidate secondary frequencies, to see if UE has entered a “hotspot” deployment. However, there is no guarantee that all 4C hotspot deployments will be on the same 4 frequencies and in that sense the number of carriers which can be measured is somewhat arbitrary. In addition it is probable that single or dual carrier UE should also access these hotspot cells for load balancing purposes. Hence, in case 4 carriers are deployed, it can probably be assumed that the network already has a strategy for inter-frequency mobility which works with existing (rel99-rel9) compressed mode UE capabilities

·  Anchor frequency change when UE is operating in 4C mode. However, RSCP of any cells on any carrier that is adjacent should be near identical due to the same path loss, and for the case of Ec/Io the RNC is rather likely to have prior knowledge of average downlink load on different carriers, e.g. on the least loaded carrier, which is already expected to have best Ec/Io if path loss is equal. Such a strategy seems better than requesting measurements from UE, which has no such a-priori information and hence such solution would incur a scaling factor of Nfreq=3 (or worse due to loss of measurement sample coherence) before guaranteeing measurement reports on the carrier of interest.
· Single carrier UE should anyway be able to operate in the network, and it can be expected that there are already strategies for enabling inter-frequency mobility between all deployed carriers based on rel99 measurement with compressed mode UE minimum capabilities.
Based on the assumption that measurement of 2 inter-frequency carriers with compressed mode is sufficient, we think there is no need to modify the parts of 25.133 relating to measurements with compressed mode for this work item.
4.  Conclusions
In this contribution we have provided views to attempt to address remaining open issues in 4C-HSDPA measurements. Related to RAN2 questions, some draft discussion has been provided in section 2. For RAN4 internal open items, the discussion in section 3 can be summarised in two main proposals
Proposal 1: Performance requirements for optional capability of measurements without compressed mode in 4C-HSDPA are defined using the assumption that a release 10 3/4C-HSDPA UE has 3x searcher capability compared with a single carrier UE. So, requirements for the 2 additional frequency measurements should be identical to the requirements for the 1 additional frequency measurements that was introduced in release 9. This means that for both carriers the measurement period would be 200ms, and assuming no CPC DRX / compressed mode is active newly detectable cells would be identified and measured within 800ms.

Proposal 2:  For 3C/4C HSDPA compressed mode UE measurements, the minimum requirement to measure 2 inter-frequency carriers is confirmed, and there is no need to update 25.133.
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In CELL_DCH state, when dual uplink carrier frequencies are configured, the UE shall be able to monitor up to


-	32 intra frequency FDD cells (including active set) per intra frequency carrier, and


-	32 inter frequency cells, including


-	FDD cells distributed on up to 2 additional FDD carriers and


-	Depending on UE Capability, TDD cells, distributed on up to 3 TDD carriers and


-	Depending on UE capability, 32 GSM cells distributed on up to 32 GSM carriers and


-	Depending on UE capability, [32] E-UTRA cells distributed on up to [TBD] E-UTRA carriers and


-	Depending on UE capability, the UE shall be able to monitor up to 16 intra frequency cells during IPDL gaps. 











