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1. Introduction

In recent RAN4 and RAN2 meetings there has been discussion to specify measurements without compressed mode for 4C-HSDPA configured carriers either as a UE capability or a functionality applicable to all UE supporting a certain release. In RAN4#64, the measurements were discsussed somewhat with the main outcome being that it is assumed that UE can autonomously make measurements of configured, but deactivated carriers without compressed mode, according to the following agreement [1].
For the measurements on configured but deactivated frequency, no interaction between RNC and Node B is needed since a UE can “activate/deactivate” autonomously its receiver for the configured frequency
This means that according to the further aspects of [1], RAN4 should discuss both the performance of measurements of activated and deactivated configured carriers. 
In our understanding this would make the measurement of HSDPA multicarrier conceptually similar to LTE carrier aggregation, where measurements can be made on the secondary component carrier without measurement gaps regardless of its activation state. Extensive system simulation campaigns were carried out and around 2 years of discussion took place on this feature for LTE, however we think that it would be possible now to reuse much of the work done on LTE and it can also be assumed that the HSDPA deployment scenarios that need to be considered are a subset of the LTE scenarios so it should be possible to simplify the discussion. On the other hand, some aspects such as the number of component carriers need further consideration for HSDPA case, because in RAN4 LTE specifications only one SCell has been considered so far, but in HSDPA work, 3 secondary carriers should be considered and we expect the work is also rather likely to be reused for 8C-HSDPA meaning that it is likely that measurement performance requirements will be defined with 7 component carriers. On the other hand, many of the basic parameters for mobility such as measurement periods, cell identification times and so on are common or at least rather similar between LTE and HSDPA so it should be possible to reuse conclusions of the system simulation work which was originally performed for LTE.
2. Discussion

Measurements of carriers which are in active state
First we turn our attention to measurements of configured carriers which are in active state. Since these are being actively received for demodulation purposes (eg HS-SCCH monitoring is being performed) then in principle no RF receiver reconfigurations are needed to perform the measurements and the discussion on performance primarily becomes a discussion on baseband processing complexity.
The first principle to agree is the measurements of the primary (intra) serving frequency. In our view, primary carrier measurement performance should not be affected by the configuration of measurements on a secondary frequency, even though they would be impacted by compressed mode gaps. 
Proposal 1 : Primary carrier measurement performance should not be affected by the configuration of measurements on a secondary frequency

If this proposal is agreed, it directly implies that a UE supporting measurements of configured carriers without compressed mode has increased baseband processing capability compared with a single carrier UE. We can then infer that the likely implementation to perform the measurements without compressed mode has some additional measurement/searcher resources which can operate independently of the primary measurement/searcher resources.

Observation 1 : Agreement of proposal 1 means that UE supporting measurements without of configured carriers without compressed mode have additional measurement resources compared with single carrier UEs.

As a consequence of this observation, we think that there are very significant differences between the minimum performing UE that could support measurements of configured carries without compressed mode and the legacy implementations which use compressed mode to make the measurements. For this reason it is recommended to introduce the feature as a capability, although the final decision would be for RAN2 to decide. It should be noted that this discussion relates to minimum performing implementations and functionalities that been fully IoT tested, rather than to the resources available in specific devices.
Next we consider the performance of measurements on secondary carriers. In earlier work[2], it has been proposed to use requirements based on one of the typical compressed mode parameters, i.e., TGL = 7 slots and TGPL = 4 frames. In this case, the new cell identification time requirement would be 3.33 s per frequency and the measurement period for UE CPICH measurements is 555 ms per frequency. The final proposal was that the cell identification time requirement is (3.5·Nfreq) s and the measurement period for UE CPICH measurements is (600·Nfreq) ms, further considering implementation margin.
Since we believe that the 4C-HSDPA UE will have additional search and measurement resources and noting that in LTE work, SCell cell search and measurement was based on intra performance requirements it may be worth considering if a bit tighter performance should be defined. It is important that the performance scales with number of secondary frequencies since otherwise the search and measurement resources increase linearly with the number of secondary carriers. Nevertheless, the previous proposal results in quite long measurement period and cell identification periods especially if we assume the approach would be directly extended to 8C-HSDPA. For instance, 1.8s measurement period and 10.5s cell identification requirement would be obtained for 3 secondary carriers, or 4.2s measurement period and 24.5s cell identification requirement for 7 secondary carriers.

While this is not a new problem, the change is that there is no tool available to the network such as configuring a different compressed mode pattern now available to improve the UE secondary carrier measurement performance. For this reason, we think that the minimum performance requirement could be a bit tighter, for example based on scaled intrafrequency requirements such as a measurement period of (200·Nfreq)ms and a cell identification requirement of (800·Nfreq)ms. If we assume reuse of implementation from DC-HSUPA measurements, such performance should be technically achievable.
Proposal 2 : RAN4 considers a measurement period of (200·Nfreq)ms and a cell identification requirement of (800·Nfreq)ms as the minimum requirements for measurements of cells on active secondary carriers.

Further consideration is needed for DRX, but it would be beneficial to progress the non-DRX requirement in the first instance.
Measurements of carriers which are in deactivated state
Next we turn to measurements of carriers in deactivated state which were agreed in [1] to be performed in a UE auntonomous manner without interaction between then RNC and the node B. Deactivating a carrier can offer the following benefits for RF
1. A receiver chain may be able to be powered down, resulting in substantial reduction of receive current.

2. A receiver chain may be able to be reconfigured to narrower bandwidth, resulting in some reduction in receive current

3. A receiver chain may be able to be reconfigured to narrower bandwidth, avoiding unwanted RF images which may fall on the carriers which are still active.

Considering these benefits, it is important to minimise measurement activities performed on an otherwise inactive carrier. In addition, retuning may cause some transient effect to the other carriers which are active on the same band. There will be some cases in which it is rather difficult to exploit an inactive carrier, for example if the deactivated carrier is a centre carrier between two or more active carriers. However, we think it is reasonable to develop measurement performance requirements for deactivated carriers in a rather generic manner, so that the same requirement applies for all deactivated carriers.
In E-UTRA specifications, an SCell-Meas-Cycle is explicitly signalled to the UE to account for different deployment scenarios. However, considering that multicarrier HSDPA constrains the serving cells to be cosited, we think that it may be reasonable to keep to a single measurement cycle, and to use that cycle to derive the appropriate measurement period and cell identification time. In [3] results were provided for LTE measurements of deactivated carriers and it was concluded that for scenarios 1 and 2 (equivalent to DC-HSDPA and DB-DC-HSDPA) and it was observed that the impacts of longer L1 measurement interval and measurement period are rather limited both on system and end-user performance. Speeds up to 50km/h were considered in the study. In most cases the differences in the results between different measurement periods and corresponding measurement interval are not even noticeable. Since some minor differences were noticeable with a 640ms measurement interval (corresponding to 3200ms measurement period) then perhaps an assumption of 320ms measurement cycle, resulting in 1600ms*Nfreq measurement period and a 6400ms*Nfreq cell identification reqirement. Since multiple SCells were not considered in the LTE work, it could be considered necessary to make the HSDPA deactivated measurement requirement shorter, and they could be based for example on 160ms assumed measurement interval. Anyway there is a tradeoff between improved measurement performance vs fully exploiting the benefits of keeping the UE receiver as inactive as possible in the deactivated state.
Proposal 3 : RAN4 considers a measurement period of (1600·Nfreq)ms and a cell identification requirement of (3200·Nfreq)ms or considers a measurement period of (800·Nfreq)ms and a cell identification requirement of (1600·Nfreq)ms as the minimum requirements for measurements of cells on active secondary carriers

Finally RAN4 needs to consider possible glitches due to the measurement activity. In E-UTRA the minimum requirement for glitch duration was defined to be 5ms, however one of the reasons for this value was due to MBSFN subframes and the impact to AGC processing which is not relevant to HSDPA reception. On the other hand, a short glitch (eg 0.5 to 1ms) is likely to impact an entire subframe of HSDPA data and could even cause loss of multiple subframes depending on its timing. 
We assume that retuning should be performed in HSDPA in which case the packet loss rate (assuming 2 packets per 320ms = 2 subframes per 160 subframes) = 1.25%, or 2.5% if a 160ms measurement interval is assumed. This is more the 0.5% allowed for LTE and another possibility is to inhibit retuning. However, the existing specifications in [4] are clearly drafted to allow implementations that perform retuning in response to HS-SCCH orders to activate/deactivate carriers on the same band, and it would seem unfortunate to exclude this possibility as a result of introducing measurements without compressed mode of configured carriers. 

Proposal 4 : Packet loss of 1.25% or 2.5% of carriers on the same band as the deactivated carrier would be allowed to facilitate UE retuning.
3. Conclusions

This contribution considers the performance requirements for cell search and measurement of configured carriers and makes the following proposals and observations:
Proposal 1 : Primary carrier measurement performance should not be affected by the configuration of measurements on a secondary frequency
Observation 1 : Agreement of proposal 1 means that UE supporting measurements without of configured carriers without compressed mode have additional measurement resources compared with single carrier UEs.

Proposal 2 : RAN4 considers a measurement period of (200·Nfreq)ms and a cell identification requirement of (800·Nfreq)ms as the minimum requirements for measurements of cells on active secondary carriers.

Proposal 3 : RAN4 considers a measurement period of (1600·Nfreq)ms and a cell identification requirement of (3200·Nfreq)ms or considers a measurement period of (800·Nfreq)ms and a cell identification requirement of (1600·Nfreq)ms as the minimum requirements for measurements of cells on active secondary carriers

Proposal 4 : Packet loss of 1.25% or 2.5% of carriers on the same band as the deactivated carrier would be allowed to facilitate UE retuning
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