Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #89
Tdoc R2-150389
Athens, Greece, 9–13 Feb 2015
Agenda Item:
7.2
Source:
Ericsson
Title:

PUCCH on SCell
Document for:
Discussion, Decision
1 Introduction

The possibility to support uplink L1/L2 control signalling in SCells is expected to bring advantages to the cellular network [1]. 

For instance, it enables the possibility to offload UEs’ uplink control signalling from their PCell and thereby increasing the PUCCH capacity for e.g. those UEs not supporting carrier aggregation that can only use that cell. 

It is also worth mentioning that this feature falls under the umbrella of “LTE Carrier Aggregation Enhancement Beyond 5 Carriers” and it should take into account the extension of CA support up to 32 component carriers (CC) planned in Rel-13 [1].
2 Discussion
The new proposed feature PUCCH in SCells could be implemented by reusing the concept of Dual Connectivity (DC) introduced in Rel-12. Indeed, the fact that in DC the PUCCH is already separately configured both in the PCell in the Master Cell Group (MCG) and in the PSCell in Secondary Cell Group (SCG) resembles the idea of having PUCCH enabled also in the SCell.
However, reusing the whole concept of DC might not give enough flexibility to this new feature PUCCH on SCells. For instance, in DC it is possible to enable the PUCCH only in two cells, i.e. the PCell and the PSCell as depicted in Figure 1, and this might not be necessarily desired for the scope of [1]. Furthermore, many procedures are applied to the PSCell which are not applied to SCells and hence it is not very reasonable to apply DC to enable PUCCH on SCells.
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Figure 1: PUCCH in Dual Connectivity configuration
On the other hand, the introduction of PUCCH on SCells, without limiting to PSCell, gives the possibility to extend the PUCCH functionality in order to better capitalize on the potential feature benefits also in the CA framework as explained in the Introduction. It is indeed possible to achieve a more flexible PUCCH configuration in which the control signalling can be sent in principle in any arbitrary number of multiple CCs.
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Figure 2: Configuration of PUCCH in SCells
As depicted in Figure 2, besides the legacy PCell, it shall be possible to configure a selected number of SCells for PUCCH transmission, here called “PUCCH-SCells”. The control signalling information conveyed in a certain PUCCH-SCell shall be related to a set of other SCells that is configured by the network via RRC signalling. 
The amount of PUCCH-SCells that can be defined as well as the number of SCells that can be really mapped on a certain PUCCH-SCell might be limited by the current PUCCH formats’ capacities and CCs arrangement (i.e. intra-band, inter-band CA configuration). Such aspects have to be further discussed by RAN1 and RAN4 working groups. 

Moreover, since support for up to 32 CCs is planned in the CA enhancement beyond 5 carriers work item [1], the intention is that we should, at least from a RAN2 specification point of view, also support PUCCH on 32 CCs. This corresponds to the configuration of 31 PUCCH-SCells in Figure 2. Note that this does not necessarily mean that all UEs must support PUCCH on 32 CCs since as previously argued this will need to be further discussed in other RAN groups.

Proposal 1 From a RAN2 specification point of view, signalling should support to configure PUCCH on up to 31 SCells.

Further RAN2 aspects that will be discussed in this contribution are:
· The PUCCH UCI signalling in PCell/SCell

· The impact on legacy PUCCH power control

· Radio Link Monitoring (RLM)/Radio Link Failure (RLF) in the SCell
2.1 UCI signalling

The different uplink L1/L2 control signalling carried by the PUCCH channel can be conveniently distributed between PCell and SCells for off-loading or robustness purposes as mentioned in the introduction. Each signal will be discussed in this section.
2.1.1 Periodic CSI transmissions on PUCCH

Today, periodic CSI reports in PUCCH are typically sent to PCell using PUCCH format 2. PUCCH format 3 can also be used but only in case of enough remaining bits are left after HARQ and SR allocation and the UE is configured with simultaneous HARQ and CSI transmission. In legacy CA, periodic CSI reports sent on the PCell related to the different CCs are provided by transmitting multiple reports, one for each CC with a certain periodicity and time-offset (configured by the parameter cqi-pmi-ConfigIndex) without multiplexing multiple CCs reports in the same PUCCH occasion. 

By enabling PUCCH in SCell, it would be possible to distribute the overall CSI reports for a given UE between PCell and a selected number of SCells (i.e. PUCCH-SCells) thereby limiting PUCCH CSI resource consumption by a given UE on a certain cell in case of many CCs. Configuration-wise, it shall be possible to map CSI reports for a certain SCell to a selected PUCCH-SCell, assigning for each SCell a certain periodicity and time-offset.
Proposal 2 Periodic CSI for each serving cell is mapped on a PUCCH (on the PCell or on a PUCCH-SCell) via RRC signalling
.

2.1.2 HARQ feedbacks

In legacy carrier aggregation, HARQ feedbacks can be reported either using PUCCH format 1b or PUCCH format 3. The PUCCH format 1b structure is not designed to support HARQ feedbacks for more than two CCs in the same PUCCH occasion. For this reason, if not more than two DL CCs are setup, PUCCH format 1b is still suitable, whereas for a larger amount of DL CCs PUCCH format 3 has to be used.
However, in light of the planned support for 32 CCs, it is foreseen that also the PUCCH format 3 capacity might be a limitation. Hence, the possibility to distributed HARQ feedbacks across SCells should give similar flexibility and capacity improvements as discussed for the periodic CSI transmissions.
Proposal 3 HARQ feedbacks for each serving cell are mapped on a PUCCH (on the PCell or on a PUCCH-SCell) via RRC signalling
.
2.1.3  Scheduling Requests

The possibility to have SR in SCells allows to better distributed SR load among the serving cells. Unlike periodic CSI transmissions and HARQ feedbacks, the additional complexity required of having SR for a certain UE in multiple PUCCH-SCell and potentially PCell is not expected to give significant benefits (apart from some additional diversity) because of the small resource utilization of SR (1 bit) and the presence of a single scheduler entity handling multiple CCs.
Proposal 4 Scheduling Request (SR) for a UE shall be transmitted in a single serving cell, i.e. either on the PCell or on a given PUCCH-SCell that is configured by the network via RRC signalling.
2.2 PUCCH power control aspects

A critical aspect of this new feature is that the UE power budget has to be shared between PUSCH and PUCCH transmissions that now can take place in multiple SCells. This problem is similar to what was already faced in DC standardization efforts. As such, RAN 1 should investigate, if any, and what changes are necessary.

However, in RAN2 working area, there is for instance a clear impact on the power headroom report (PHR). As such, PHR MAC Control Element would now need to take into account the support for PUCCH transmissions in SCells, i.e. a Type 2 PH field needs to be added for SCells. Thus a new version of the extended PHR MAC CE needs to be introduced which can carry Type 2 PH for SCells.
Proposal 5 Support for signalling Type 2 PH for SCells needs to be added.
2.3 RLM/RLF
In Rel-11, RLM/RLF is only performed on the PCell but not on SCells. The motivation for not supporting RLM/RLF on SCells was that the UE will always (as long as the PCell is fine) report CQI reports for SCells and hence the eNB can deconfigure an SCell if the CQI reports indicates that the quality of an SCell is no longer acceptable. Another motivation why RLM/RLF was not supported on SCells was only network initiated RA was supported on SCells, and thus the UE does not autonomously initiate RA procedure.
However, with the introduction of this new feature PUCCH on SCells, it can happen that a UE will report CQI on a certain SCell, and if that SCell start experiencing poor radio conditions the eNB will never receive the channel quality reports. To solve this problem we foresee that one of the following things can be done:

1. The UE indicates to the network on another cell (e.g. the PCell) that the radio conditions are poor for the cell on which CQI is sent. This can be an RRC message similar to S-RLF in DC.
2. CQI can be dynamically re-routed on an alternative cell if the cell on which CQI is supposed to be sent is experiencing poor radio conditions.
3. Rely on existing mechanisms (RRM measurements, missed UL transmissions, measurements reports, etc.) to detect that a SCell should be released.

Approach 3 seems to be more straightforward since it does not require special standardization efforts and at the same time is reliable enough. Hence we propose:

Proposal 6 The network can with existing mechanisms detect physical layer problems in a PUCCH-SCell (RLM/RLF is not needed for PUCCH-SCells).
3 Conclusions
Based on the above discussion, we propose the following:
Proposal 1
From a RAN2 specification point of view, signalling should support to configure PUCCH on up to 31 SCells.
Proposal 2
Periodic CSI for each serving cell is mapped on a PUCCH (on the PCell or on a PUCCH-SCell) via RRC signalling.
Proposal 3
HARQ feedbacks for each serving cell are mapped on a PUCCH (on the PCell or on a PUCCH-SCell) via RRC signalling.
Proposal 4
Scheduling Request (SR) for a UE shall be transmitted in a single serving cell, i.e. either on the PCell or on a given PUCCH-SCell that is configured by the network via RRC signalling.
Proposal 5
Support for signalling Type 2 PH for SCells needs to be added.
Proposal 6
The network can with existing mechanisms detect physical layer problems in a PUCCH-SCell (RLM/RLF is not needed for PUCCH-SCells).
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