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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.   

This paper is a joint contribution proposing a way forward to introduce the per-band compressed mode. 

2
Per-band compressed mode

If the Rel-9 and/or Rel-10 flag is set to TRUE by the UE and the UE is required to measure the carriers beyond its capacity indicated by these flags:

· if the UE is required to performed measurements on carriers of one of the currently configured bands, the compressed mode should only be applied to the carriers of the bands to which these ‘additional’ carriers to be measured belong.

· if the additional carriers to be measured belong neither to the primary nor to the secondary band, the CM will apply to all the configured carriers (this behaviour is as per the current RRC specification).

Let us assume that a UE a) supports dual-band DC-HSDPA operation in bands A and B and b) sets its Rel-9 flag to TRUE and c) is configured with DC-HSDPA in (A100, B100) and (4) is already measuring A100 (primary carrier) and B100 (secondary carrier) without compressed mode. Such a UE can measure carrier A105 without applying compressed mode on carrier B100 (different band). It can also measure carrier B105 without applying compressed mode on carrier A100 (different band). A similar example could be provided for the UE support of Rel-10 flag.

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.

Proposal 1: If a) the measurement type is "inter-frequency measurement" and  the measurement has to be performed on frequencies belonging to a single frequency band and b) at least one of the currently configured or measured without compressed mode frequencies belongs to that frequency band and c) the UE had set either the IE “Inter-band Frequency measurements without compressed mode” or the IE “Enhanced inter-frequency measurements without compressed mode” or both these IEs to TRUE in its measurement capabilities, begin measurements according to the stored control information for this measurement identity applying compressed mode only to the configured frequencies belonging to that frequency band.

The following conclusions could be derived about the proposal above:

1. The proposal is limited to inter-frequency measurements. So this will not affect intra-frequency or inter-RAT measurements.

2. The proposal applies only when the measurement has to be performed on the frequencies which all belong to a single frequency band (say Bx).

3. One or more of the currently configured frequencies (or frequencies being measured without compressed mode) belong to that same frequency band Bx. It should be noted that there could be zero, one or more currently configured frequencies belonging to another frequency band (say By).

4. The UE supports either “Inter-band Frequency measurements without compressed mode” or “Enhanced inter-frequency measurements without compressed mode” or both.

Conclusion 3 needs implies that either the UE is in single band operation or one or more frequencies belonging to band By are also configured to the UE. The first possibility is a trivial one and can be ignored.

The additional condition in conclusion 3 excludes the obviously inconsistent behaviour that compressed mode is not required on a band when the UE is receiving a frequency in another band but is required when that frequency is only being measured without compressed mode.

So we are left with only one scenario where one or more frequencies of band Bx are configured together with one or more frequencies of band By. Therefore, it is certain that the UE supports dual-cell dual-band operation in the band combination (Bx, By). If the UE supports the dual-cell dual-band operation in band combination (Bx, By) and has also set the Rel-9 or the Rel-10 flag to TRUE (from conclusion 4), then it is clear that it is having independent RFs capable of receiving frequencies on band Bx and By. So, if the measurements have to be performed only on the frequencies of band Bx, the RF corresponding to the band By need not be shut off and the UE could continue normal operation on those frequencies.

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 (i.e. band Bx or By)  has to be put under compressed mode. 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. Therefore, given the list of configured carriers and the list of carriers to be measured, the list of carriers to be put under compressed mode has to be fully deterministic. 

Proposal 2: If a UE has configured carriers on both bands and a frequency in a third band is measured, then the compressed mode is applied to both bands. 

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. 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 simpler since no ASN.1 and tabular extensions are needed.

Proposal 3: Discuss how to specify unambiguously in the procedural text 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

No impact is expected to RAN1 working group because the per-band compressed mode, similar to the normal legacy compressed mode, changes neither the CQI format nor rules of the CQI reporting.

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 signalled to UE . Also RNC must know whether Node B supports the per-band compressed mode.

There is no RAN4 impact because all the performance requirements are the same.

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. 
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