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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” compressed mode, and the relevant RRC control signaling was introduced [11]. However, as explained earlier in [8] and asked in RAN2 WG LS [12], there must be extensions also for the Iub and Iur interfaces.

2
Frequency specific compressed mode

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 configured. 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.

Even though the initial thinking for the “per-band” compressed mode was done in the context of the UE “Enhanced inter-frequency measurements without compressed mode” capability, a few UE vendors have expressed an interest in introducing a separate UE capability for this functionality. As a result, a separate Rel-10 UE capability was introduced by [11] and is already captured in TS 25.331 [4].

As discussed in [13] 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 does not necessarily have to impact the other band and the associated receiver. 

Rule 2 states that once measurements are configured on the primary band thus requiring the compressed mode there, it does not make much sense to avoid applying the compressed mode to the secondary band because HARQ and CQI feedback is transmitted over the primary carrier. The network cannot schedule efficiently data to the secondary band if it does not have CQI and HARQ feedback information for the DL transmissions. However, if a UE does not need the UL compressed mode, then obviously  the same principle as in Rule 1 can be applied.

Rule 3 accounts for the fact 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. 

In addition to these rules, a few more conditions were proposed in [9], which concern the single-band operation. In particular:

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. 

It should be noted that exact procedural rules are still being discussed in RAN2.

3
Network control of the frequency specific compressed mode

3.1 RRC level

The current TS 25.331 specification [4] allows a network to rely always upon the compressed mode regardless of what UE measurement capabilities are. Indeed, since the “Inter-band measurements without the compressed mode” is an optional UE capability, the network must implement the compressed mode measurements as a baseline functionality and, as a result, can apply it to all the UE types. This is controlled by the network that can either provide or not provide the compressed mode gaps. However,  the “frequency specific” compressed mode feature anyway needs the compressed mode gaps to be applied to one band (or all the bands in case when a quite different band is to be measured). Since the compressed mode gaps are signaled per a UE, not per a band or a carrier, there must be a way to differentiate between the case when the network wants to configure the “frequency specific” compressed mode from a case when the network just wants to activate the compressed on all the bands thus ignoring the UE Rel-9 measurement capability.

During the RAN2 #74 meeting, it was agreed and captured by [11] that the network uses a new 1-bit indicator IE whether the conventional or the “frequency specific” compressed mode is configured. As mentioned in section 2, the exact rules for the unaffected frequencies are still being discussed in RAN2.

3.2 Iub interface and RNC/Node B interaction 

Referring back to section 3.1, we face a similar problem on the Iub interface. In particular, there is no way for the Node B to differentiate between the legacy compressed mode and the frequency specific compressed mode configured for a UE capable of the Rel-9 measurements. Thus, there must be a way for RNC to indicate towards Node B which measurement mode is used. Furthermore, there might be a situation when the “Rel-9” Node B is already or is being deployed, where only the measurements with the compressed mode are provided. At the same time, other NodeBs may implement both schemes. Thus, the RNC must be aware of the Node B capabilities with regards to what measurement mode is available. 

Hence, we provide a few scenarios to elaborate more on the problem expressed above:

1. A “new” RNC, which is capable of the “frequency specific” compressed mode, and “old” Node B. If RNC does not know whether Node B is capable of the “frequency specific” compressed mode, then it can mistakenly configure UE with that type of measurements thus resulting in a mismatch between the Node B and UE.

2. A “new” Node B, which is capable of the “frequency specific” compressed mode, and an “old” RNC that supports measurement only with the legacy compressed mode.  The Node B cannot know for sure which type of measurements the RNC asks a UE for without an explicit indication. Again, it results in a mismatch between the Node B and UE.

3.3 Iur interface and SRNC/DRNS interaction 

A situation described in 3.2 is also applicable to the Iur interface. In particular, there is no way for the Node B under the DRNC to differentiate between the legacy compressed mode and the frequency specific compressed mode configured for a UE capable of the Rel-9 measurements. Thus, there must be a way for SRNC to indicate towards Node B under DRNC which measurement mode is used. Similarly, the SRNC must be aware of the Node B capabilities under DRNC with regards to what measurement mode is available. 

Hence, we provide a few scenarios to elaborate more on the problem expressed above:

1. SRNC that is capable of the “frequency specific” compressed mode and “old” Node B under DRNC. If SRNC does not know whether Node B under DRNC is capable of the “frequency specific” compressed mode, then it can mistakenly configure UE with that type of measurements thus resulting in a mismatch between the Node B under DRNC and UE.

2. Node B under DRNC that is capable of the “frequency specific” compressed mode and “old” SRNC that supports measurement only with the legacy compressed mode.  The Node B cannot know for sure which type of measurements the SRNC asks a UE for without an explicit indication. Again, it results in a mismatch between the Node B under DRNC and UE.

4 Signaling solution for the Iub/Iur interfaces

As asked in [12] and based on the analysis presented in 3.2 and 3.3, the Iub interface will need two extensions: a) the Node B/cell capability for the “frequency specific” compressed mode and b) similar to RRC, an explicit indication from RNC that the “frequency specific” compressed mode is activated. Similarly, the Iur interface will need two extensions: a) the Node B/cell capability for the “frequency specific” compressed mode and b) an explicit indication from SRNC that the “frequency specific” compressed mode is activated. 

The cell capability for the “frequency specific” compressed mode can be implemented by introducing an appropriate bit in the “Cell Capability Container” IE. The 1-bit indication fully suffices the purpose because RNC will know whether it is supported by NodeB and, as a result, can be configured for the UE.

It is worth mentioning that RNC uses just a 1-bit indicator IE to signal to a UE that the “frequency specific” mode is configured. Then, both RNC and UE will use the procedural rules to determine which frequencies, if any, can be excluded from the compressed mode.

In case of Iub/Iur interfaces, an optional list with RL IDs in the “Active Pattern Sequence Information” IE is introduced to indicate specific radio link excluded from compressed mode activation.  By providing an explicit list of radio link to Node B, the procedural rules to determine specific exclusion target is kept under control RNC, and eliminates any possibility for mismatch between a UE and Node B. The relevant CRs can be found in [14] and [15].

5
Conclusions

In this paper, we have presented our view on what signaling should be introduced for the Iub/Iur interfaces to support the “frequency specific” compressed mode agreed in RAN2. Based on the presented analysis, we need to introduce the NodeB/cell capability and an explicit signaling indication for NodeB that compressed mode should not be applied for particular frequencies. Such an approach allows for introduction of the needed signaling between RNC and Node B without waiting for RAN2 to finish the discussion on the procedural rules.

The correspondent CRs can be found in [14] and  [15]. 
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