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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 []. 

2
Per-band compressed mode

The “per-band” 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 “per-band” 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. Thus, catering for better flexibility, it is proposed not to link the “per-band” compressed mode to any existent UE capability. Should this capability be always set or not when a UE signals the “Enhanced inter-frequency measurements without compressed mode” capability is for further discussions and can be left for the UE implementation.

Proposal 1: Agree to introduce a separate UE capability for the “per-band” compressed mode measurements.

As discussed, the following basic rules can be agreed for “per-band” 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 per-band 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. 

Proposal 2: Agree and introduce the basic rules for the “per-band” compressed mode.

In addition to these rules, a few more conditions were proposed in [9]. 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. 

A closer analysis of these rules and related scenarios from [9] may lead us to a conclusion that they can be decoupled from the core idea of the “per-band” compressed mode rules and treated separately. Indeed, these rules address the single-band case - with or without the secondary band - when either an already configured or a non-configured carrier in the same band is to be measured. For the sake of further clarity, a typical scenario is cited here from [9].

	
	Band A
	

	Frequency
	f1
	f2
	f3
	f4

	Multi-carrier Configuration
	C
	C
	C
	

	Measurement Configuration 
	intra
	
	
	M


For this configuration case, as stated in [9], it is not clear whether RF re-tuning to measure F4 will cause any data interruptions on F1-F3 and if so, whether we should apply the compressed mode on all the carriers to avoid these interruptions. As per current TS 25.331, with “Enhanced inter-frequency measurements without compressed mode”, the network can ask to measure any two additional frequencies within the UE band/carrier capabilities without any related RF re-tuning problems. Otherwise, as per current TS 25.331, if there is no “Enhanced inter-frequency measurements without compressed mode”, then compressed mode should be applied to F1-F3. 

In general, the same reasoning can be applied to a slightly different case presented below. Without the “Enhanced inter-frequency measurements without compressed mode” capability, the legacy procedure is to apply the compressed mode to all the carriers. However, as pointed out in [9], the compressed mode can be applied only to F4 or we can even avoid applying the compressed mode at all with new measurement requirements. 

	
	Band A
	

	Frequency
	f1
	f2
	f3
	f4

	Multi-carrier Configuration
	C
	C
	C
	C

	Measurement Configuration 
	intra
	
	
	M


We welcome further investigations of improvements for measurements in the single-band case, but a related discussion can be kept separately from the “per-band” compressed mode. 

3
Network control and the per-band 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 “per-band” 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 “per-band” 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.

A possible and a straightforward solution is to extend the RRC measurement signaling with an explicit indication that the “per-band” compressed mode is requested from UE, otherwise the legacy behavior should be followed. In fact, this is the only solution if a new UE capability for the “per-band” compressed mode is agreed. Another solution is to rely upon the “Inter-band frequency index” and “Frequency info list for enhanced measurement” IEs, which are sent by network only when measurements without the compressed mode are configured. The latter solution is applicable to the case when the “per-band” compressed mode is linked to the “Enhanced inter-frequency measurements without compressed mode” capability. It is also simpler since no ASN.1 and tabular extensions are needed.

Proposal 3: Discuss how to specify unambiguously that either the per-band or the legacy compressed mode is configured by the network. 

3.2 Iub interface and RNC/Node B interaction 

Referring back to section 3.1 and assuming that the legacy behaviour is kept, 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 per-band 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 “per-band” compressed mode, and “old” Node B. If RNC does not know whether Node B is capable of the “per-band” 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 “per-band” compressed mode, and an “old” RNC that supports measurement only with the legacy compressed mode. Even if Node B can deduct automatically that the “per-band” compressed mode is applicable for a particular UE, the former cannot know for sure which type of measurements the RNC asks for without an explicit indication. Again, it results in a mismatch between the Node B and UE.

Based on the analysis presented above, the Iub interface will need two extensions: a) the Node B capability for the “per-band” compressed mode and b) similar to RRC, an explicit indication from RNC that the “per-band” compressed mode is activated. Signalling details can be discussed by proponents.

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 per-band 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 “per-band” compressed mode and “old” Node B under DRNC. If SRNC does not know whether Node B under DRNC is capable of the “per-band” 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 “per-band” compressed mode and “old” SRNC that supports measurement only with the legacy compressed mode. Even if Node B under DRNC can deduct automatically that the “per-band” compressed mode is applicable for a particular UE, the former cannot know for sure which type of measurements the SRNC asks for without an explicit indication. Again, it results in a mismatch between the Node B under DRNC and UE.

Based on the analysis presented above, the Iur interface will need two extensions: a) the Node B/cell capability for the “per-band” compressed mode and b) an explicit indication from SRNC that the “per-band” compressed mode is activated. Signalling details can be discussed by proponents.

Proposal 4: Assuming RAN2 agrees on the per-band compressed mode functionality, RAN3 must be informed about it to introduce appropriate changes for the Iub and Iur interfaces. The affected specifications are TS 25.433 [5] and TS 25.423 [6].

4 Impact to other working groups

Regarding the RAN1 impact, if the secondary carrier is in the compressed mode while the primary is not, a UE has a possibility to send continuously CQI reports. However, the open question is what to be transmitted for the secondary carrier when it experiences the compressed mode gap. Depending on the multi-carrier configuration, the CQI reports are either time-multiplexed or jointly encoded by a UE, as specified in [10], Table 15C.4. Even though it is possible to DTX CQI reports in the time-multiplexed case, it is not feasible for the jointly encoded case, e.g., DB-DC-HSDPA. Thus, the simplest solution is to always send CQI reports, where either an old or “out-of-range” value can be used. Practically it has no impact on Node B since the latter knows that the secondary carrier experiences the compressed mode gap and thus no data scheduling is possible, where the CQI report might have been of some use. 

As discussed in section 3, a minor impact to the RAN3 group is expected because Node B must know which compressed mode type – legacy or the per-band – is configured by RNC and is signaled to UE . Also RNC must know whether Node B supports the per-band compressed mode. The latter is quite a straightforward extension of the Node B capability container where a number of spare bits exist. 

There is no RAN4 impact because all the measurement performance requirements for the “per-band” basic rules are exactly the same. The only difference is that depending on a scenario, carriers belonging to a different band are not put into the compressed mode.

5
Conclusions

In this paper we presented our view of the “per-band” compressed mode feature. We consider it as a very useful mechanism for the multi-carrier systems, especially for the 4C-HSDPA and 8C-HSDPA, as it allows for the uninterrupted data transmission while measuring other carriers in the configured band. The per-band compressed mode can be introduced with minimal procedural changes to TS 25.331 and, depending on what the final solution is, with no or minimal changes to ASN.1.

Our preliminary analysis has indicated that there is no impact to other working groups, except RAN3. So, once RAN2 agrees upon the “per-band” compressed mode, an LS to RAN3 should be sent.

We welcome further investigations of improvements for measurements in the single-band cases as discussed in [9]. However, for the sake of progress of the “per-band” compressed functionality, we can decouple them and/or handle these topics in stages. 
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