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1
Introduction

During the RAN2 #72 and RAN2 #72bis meetings an idea of applying the compressed mode on the per-band basis was presented and discussed [1],[2]. In particular, [2] elaborates on the specification impact and provides some insight on the Iub impact. During the RAN2 #73 meeting, a few more contributions were submitted, where [7] extends further the core idea and [8] presents an analysis of the impact for the Iub and Iur interfaces.  During RAN2 #73bis meeting, other proponents brought their view on how the per-band mode can function [9] and be configured [10]. 

During the RAN2 #74 meeting, the RAN2 has agreed upon the “frequency specific” compressed mode as a more general option for the original “per-band” idea, and the relevant RRC control signaling was introduced [11]. However, the exact procedural rules were left open and is subject for further discussions.

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.

2.2 Dual-band operation

As discussed in [10] and [9], the following basic rules can be agreed for “frequency specific” compressed mode:

1. For dual band configuration, 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. 

Rule 1 reflects the the core idea of the frequency specific compressed mode when measurements on one of the configured bands do not necessarily have to impact the other band and the associated receiver. 

Proposal 1: Agree that the compressed mode can be applied per band if an additional frequency to measure is within the configured band.

The original reasoning behind rule 2 is that once measurements are configured on the primary band thus requiring the compressed mode there, the network cannot schedule efficiently data to the secondary band because it does not have CQI and HARQ feedback information for the DL transmissions because all the HARQ and CQI info is carried over the primary uplink carrier, which also enters the compressed mode.  However, technically the network can schedule data for the secondary band carrier in the absence of up-to-date CQI and HARQ feedback similar to the way it is done for the high-speed CELL_FACH. As a very simple solution,  the network can rely upon worse MCS and use blind HARQ retransmissions. Obviously, even if the network makes the worst assumptions for the secondary band carrier scheduling in this scenario, we still foresee better performance when compared to a case when no data is scheduled as a result of applied compressed mode. As an example, if the primary carrier is configured in the lower band for the coverage and mobility purposes, but rest of the carriers are in the high band for the performance, then measurements in the low band primary carrier will unnecessarily impact  high band carrier performance.

Obviously, if a UE does not need the UL compressed mode, then the same principle as in Rule 1 can be applied.

Proposal 2: Discuss whether it is possible to avoid the compressed mode on the secondary band carrier(s) when the compressed mode is required on the primary band.

Rule 3 accounts for the fact that in absence of any information exchange about the exact RF-split in the UE [1], it is not possible for the network to exercise any control over which RF has to be put under compressed mode when the third band is to be measured. As an example, if the RF1 supports band A and B, while the RF2 supports A and C, then A+B and A+C configurations result in different RF splits. As a result, the network does not know which RF chain and the associated band will be affected by the compressed mode. 

Proposal 3: Agree that the compressed mode is applied to all the configured bands when the third band is to be measured.

2.3 Single-band operation

In addition to the dual band rules presented in section 2.1, a few more conditions were proposed in [9], which concern the single-band operation. In particular, the proposals are to:

1. When the measurement requires a RF re-tuning involving the configured frequency(-ies) for a band, the CM is applied on all the configured carriers on that band.

2. When the measurement can be made without RF re-tuning involving the configured frequency(-ies) for a band, the CM does not need to be applied on that band. 

The main reasoning behind the introduction of rule 1 is that the network does not know how a UE tunes (initially) its RF receiver when the number of configured carrier is less than UE capabilities. As a very simple example, if a UE supports up to two adjacent carriers and only one carrier is configured, then (assuming the 10MHz design) depending on whether the measurements are configured on a frequency to the left or to the right, the RF re-tuning may or may not occur. Notably, if the same UE implements the 15MHz RF design and the primary carrier is placed in the middle of the receiver, then there is no RF interruption. Since the network knows neither the UE RF architecture nor how the UE tunes its receiver, it is logical to assume that the RF re-tuning always takes place.

Our view is the RF re-tuning/reconfiguration interruption occurs also in a number of other cases, e.g., carrier activation and deactivation, as captured in [4] for dual-band and also discussed in [5] for the single-band cases.  Various interruption times are already captured in [6], section 6A.1. Thus, we find it beneficial to allow some interruption time for RF re-tuning when measurements are asked on the non-configured frequency for the sake of not putting rest of the configured carriers into the compressed mode.

Proposal 4: Discuss a possibility not to apply the compressed mode for a band if measurements are on the non-configured frequency in the same band.

Rule 2 accounts for the simple fact that once a UE has a configured carrier and the network asks for the measurements on the same frequency, no RF re-tuning occurs. As a result, a UE can perform measurements on this frequency without the compressed mode with the relaxed RAN4 requirements.

Proposal 5: Agree not to apply the compressed mode for a band if measurements are on the configured frequency in the same band. 

3
Conclusions

In this paper, we have expressed our view for the procedural rules for the frequency specific compressed mode.  As a summary, we propose to that:

Proposal 1: Agree that the compressed mode can be applied per band if an additional frequency to measure is within the configured band.

Proposal 2: Discuss whether it is possible to avoid the compressed mode on the secondary band carrier(s) when the compressed mode is required on the primary band.

Proposal 3: Agree that the compressed mode is applied to all the configured bands when the third band is to be measured.

Proposal 4: Discuss a possibility not to apply the compressed mode for a band if measurements are on the non-configured frequency in the same band.

Proposal 5: Agree not to apply the compressed mode for a band if measurements are on the configured frequency in the same band. 
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