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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. In this paper we provide our analysis of the “per-band” compressed mode proposal with a special emphasis on how it co-exists with the legacy behavior already defined in the specification and the Iub/Iur impact.   

2
Per-band compressed mode

For the sake of clarity we will refrain from delving into the technical details of the “per-band” compressed mode since one can refer to [1] and [2] to obtain a full picture of what the proposal is. However, the idea can be summarized as follows. If the Rel-9 DB-capable UE indicates that it can perform “Inter-band measurements without the compressed mode” via an appropriate Rel-9 capability flag, then potentially we can omit applying the compressed mode to all the bands once a network asks to measure an additional frequency in either of the configured bands. 

The “per-band” compressed mode seems to be quite an interesting feature 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.

3
Further analysis of the per-band compressed mode

3.1 RRC level

Before going into the analysis, we would like to point out that 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. Based on that, we are concerned by the fact that the proposed idea, in particular the way it was formulated for TS 25.331 in [3],  may implicitly prohibit the network from the legacy measurements only with the compressed mode. Thus, we propose to ensure that the legacy way of performing measurements is kept.

Proposal 1: A new feature of the per-band compressed mode should not prohibit the network from a possibility of performing legacy measurements with the compressed mode for UEs. 

In addition, we face a problem that an existent signaling is not enough to cover all the configuration cases. In particular, 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 is no 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. The details for this signaling can be discussed and we are open for solutions. Ideally, this extension should be applied already in Rel-9 where the dual-band feature was introduced. An alternative solution is to have it starting from Rel-10, where more than one carrier can be configured per a single band.

Proposal 2: Discuss a way forward for differentiating between the “per-band compressed mode” and the legacy compressed mode for UEs with the Rel-9 measurement capability. 

During the online discussion, a few proponents have expressed an idea of avoiding applying the compressed mode on both bands when the third band is to be measured. Indeed, since only one receiver is needed to perform measurements in a different band, the second receiver may continue to run without interruptions. The original reasoning behind applying the compressed mode on both bands was motivated by the fact that the network does not know which receiver is optimized for a particular band and, as a result, which band will be put into the compressed mode. However, it is possible to deduct that if a UE supports band combinations A+B and A+C, and if a UE is configured with bands A and B, and is asked for measurements on the band C, then the receiver associated with the band B will (or can) be used by UE for measurements. If a UE is asked to measure band D, which is not a part of the dual-band capabilities but is a part of the single-band capabilities, then both bands will be put into the compressed mode as the network does not know which receiver will be used.

At the same time, the following use case was discussed offline. 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. Nevertheless, we still seek for a possibility and would like to encourage other proponents to find a solution to know which band will be in the compressed mode to benefit from having two independent RF chains.

Proposal 3: Discuss whether there is a way (or any critical obstacle) for the network to know unambiguously which receiver a UE will use to perform measurements on the third band to avoid applying the compressed mode on both bands. 

3.2 Iub interface and RNC/Node B interaction 

Referring back to Proposal 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].

5
Conclusions

In this paper we presented our view of the “per-band” compressed mode feature. We consider it as a quite useful mechanism for the multi-carrier systems, especially for the 4C-HSDPA and 8C-HSDPA, as it allows for the uninterrupted data transmission. 

However, our preliminary analysis has indicated that introduction of the “per-band” compressed mode has compatibility issues. Thus, to provide the backward compatibility with the legacy functionality and network RRM mechanisms, the RRC level extensions are needed, as well as signaling extension on the Iub and Iur interfaces.
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