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1
Introduction

During the RAN2#76 meeting, RAN2 has finalized a set of the procedural rules for the so-called frequency specific compressed mode feature, that allows the Rel-10 UE having two RF chains not to apply the compressed mode while performing measurements in one of the configured bands. Starting from Rel-11, there is a way for the network to configure a UE with the non-contiguous carriers in the same band if the UE has such a capability. By combining the frequency specific compressed mode approach with the non-contiguous carrier allocation, one can achieve more efficient performance upon measuring carrier in the configured band.

In this paper we present a way of extending the frequency specific compressed mode functionality for the non-contiguous carrier allocation. 

2
Frequency specific compressed mode 

2.1 General description

The “frequency specific” compressed mode is anticipated to be a useful functionality as it will allow for less interruptions on data transmissions in the multi-carrier dual-band environment. Even though there can be only one carrier per a band in Rel-9, up to 3 carriers  in Rel-10 4C-HSDPA and theoretically up to 7 carriers in Rel-11 8C-HSDPA can be activated in the dual-band set up. Thus, assuming 3+1 or 7+1 configuration, it really makes a difference whether all the 3 or 7 carrier will enter the compressed mode or not. Since quite many operators have spectrum in several bands and most of the multi-carrier configurations span two bands, an introduction of the “frequency specific” compressed mode can benefit high-speed UEs that have to measure often neighbor frequencies. This can be quite a typical case for the multi-carrier hot-spot scenarios.

During the RAN2 #75 meeting, RAN2 has agreed to introduce the relevant RRC signaling allowing a UE to indicate that it has a capability for the “frequency specific” compressed mode and allowing the RNC to indicate that it is activated for configured measurements. During the RAN2 #76 meeting, the procedural rules and the capability definition were finalized [1]. The following rules were agreed  for the frequency specific compressed mode for the dual-band operation:

1. The compressed mode can be applied per band if additional frequencies to measure are within the configured band.

2. When the primary UL carrier is interrupted due to the compressed mode, then it is is applied on all the configured carriers. If a UE does not need the UL compressed mode as signaled by its capability, then the compressed mode is applied per-band as in rule 1.

3. For the measurements beyond currently configured bands, the compressed mode is applied on all the configured carriers. 

2.2 Single-band non-adjacent carrier allocation

As per Rel-11 functionality, if a UE supports, there exists a possibility to configure it with the non-contiguous carriers. The maximum gap size between the blocks of aggregated carriers and the size of each block is governed by the UE capability. As a part of the non-contiguous capability signaling, a UE can indicate whether it can support “any” gap between the blocks of aggregated carriers. If so, it refers to the dual-receiver UE architecture. Having two receivers capable of being tuned to the same band allows to utilize them in a more efficient way while performing measurements on the configured and non-configured carriers within the same band. In particular, similar to the Rel-10 dual-band frequency specific compressed mode, one can avoid applying the compressed mode to all the blocks of configured carriers, i.e., to all the receivers. In particular, it is very appealing to utilize the fact that the compressed mode can be applied to the block of aggregated carriers, which does not contain the DL serving HS-DSCH cell paired with the UL frequency. Such an approach allows for uninterrupted UL and, as a result, a continuous flow of CQI and HARQ feedbacks.
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Figure 1: Frequency specific compressed mode and non-contiguous carriers

As an example, referring to Figure 1, suppose that a UE is configured with two blocks of adjacent carriers within the Band X, where the primary carrier is F1. Then, any measurement within the Band X, except on frequencies F1 and F2, can be performed by applying the compressed only to the block of frequencies F3 and F4 without interrupting F1 and F2.

As a summary, an extension of the frequency specific compressed mode procedural rules for the non-contiguous carrier allocation can be summarized as follows:

1> If a UE supports non-contiguous carrier allocation and the IE “Gap size” is set to “anyGapSize”; and

1> If the frequency to measure is in the same band as the serving HS-DSCH cell and not within the block of configured adjacent carriers, which contains the serving HS-DSCH cell; then

2> Perform measurements by applying the compressed mode to the block of configured adjacent carriers, which does not contain the serving HS-DSCH cell

2.3 Analysis of the specification impact

For RAN1, no further specification impact is expected since RAN1 has already agreed what values should be put into the CQI reports when some carriers are interrupted as a result of the compressed mode.

For RAN2, there was already introduced all the relevant capability and configuration signaling, so no further ASN.1 changes are needed. However, one has to extend the capability definition in TS 25.306 and the procedural rules in TS 25.311, as exemplified in section 2.2.

For RAN3, no further specification impact is expected since RAN3 has already introduced a flexible signaling, which allows the RNC to indicate explicitly to Node B a list of carriers, where the compressed mode should not be applied.

For RAN4, since the Rel-10 dual-band frequency specific compressed mode did not introduce any changes to RAN4, we can continue with the same assumption. 

3
Conclusions

In this paper, we have proposed to extend the existent frequency specific compressed mode procedural rules for the case with the non-adjacent carrier allocation when a UE has two receivers. As presented in the specification impact analysis, the impact is minimal and concerns only the procedural rules in TS 25.311 and the capability definition in TS 25.306.

Proposal: Introduce a support for the frequency specific compressed mode for the case of the non-contiguous carrier allocation.
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