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1 Introduction
At RAN#66, new WID “LTE Carrier Aggregation Enhancement Beyond 5 Carriers” [1] has been agreed. One of objectives is to specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation. In this contribution we discuss the RAN2 impacts due to the introduction of PUCCH on SCell.
2 Discussion
In [2], we discussed scenarios and terminology issue for PUCCH on SCell. Two terminologies [2] are used in the contribution.

Primary PUCCH Cell group: A group of serving cells including PCell whose CSI and ACK/NACK are associated with the PUCCH of PCell.

Secondary PUCCH Cell group: A group of SCells whose CSI and ACK/NACK are associated with the PUCCH of one SCell.
In this way, the legacy CA can be regarded as only having Primary PUCCH Cell group. In the following sub sections, we analyze the possible impacts on RAN2 specification due to the introducing of Secondary PUCCH Cell group.
2.1 SCells handling when TAT expires
2.1.1 PUCCH SCell group modeling
The different deployment scenarios for the relationship between TAG and PUCCH Cell group are listed in [2]. The typical scenarios are:

Scenario 1: there is only one TAG, i.e. pTAG, PUCCH SCell also belongs to pTAG;


[image: image1.emf]Primary PUCCH cell group Secondary PUCCH cell group

pTAG

PCell

PUCCH SCell

SCell 2 SCell 1


Figure 1 Scenario 1

Scenario 2: PUCCH SCell and PCell belong to different TAG and one TAG only comprises cells of one PUCCH cell group;
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Figure 2 Scenario 2
Scenario 3: PUCCH SCell and PCell belong to different TAG and one TAG comprises cells of different PUCCH cell group;
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Figure 3 Scenario 3
Following discussions in this section are based on these 3 typical scenarios.
2.1.2 SCells handling when TAT of pTAG expires
In legacy Rel-11 CA, there are one pTAG including PCell and optionally one or more sTAGs. When the TAT associated with pTAG is expired, all TAT associated with STAG shall be considered as expired. One of reasons for this is that only PCell carries PUCCH, and once the TAT associated with pTAG is not running, the PUCCH on PCell is released and the PDSCH on all the SCells cannot work too. Therefore RRC signalling cannot work well. The benefit is quite limit to allow PUSCH transmission only for data on one SCell of sTAG when its PDSCH and RRC cannot work. 

Regarding scenario 1, there is only one TAG, therefore all SCells shall stop UL transmission when TAT of pTAG expires as legacy behaviour.

Regarding scenario 2 and 3, for the SCell in Secondary PUCCH Cell group, it may work normally when pTAG is out of synch since the ACK/NACK, etc for the SCell is carried by PUCCH SCell instead of PCell. However, since the main purpose of introduction of PUCCH on SCell is to offload the PUCCH load of PCell, it should be quite a rare case that the network needs the PUCCH transmission on SCell but not the PUCCH transmission on PCell. To support this, almost all functionalities of PCell shall be supported by PUCCH SCell, i.e. we have to support SR and contention based RACH on this Scell. In addition, regarding scenario 3, there is additional problem need to be solved that is how to handle the TAG which comprise cells belong to Primary PUCCH Cell group and Secondary PUCCH Cell group.

To make the specification simple, we propose to reuse CA principle for pTAG TAT expiration .
Proposal 1: When the TAT associated with pTAG is not running, the TAT associated with all sTAGs shall be considered as expired.
2.1.3 SCells handling when TAT of sTAG including PUCCH SCell expires
There are two options when the TAT associated with the sTAG including PUCCH SCell is not running:

Option 1: Stop the uplink transmission for all SCells which belong to the Secondary PUCCH SCell group;
Option 2: Only stop uplink transmission for the SCells which belong to sTAG including PUCCH SCell; for the SCell of other sTAGs within this Secondary PUCCH SCell group, the uplink transmission (PUSCH) is not impacted;
Regarding option 2: when Secondary PUCCH cell group includes SCells from multiple sTAGs, option 2 allows the UE to continue uplink transmission (PUSCH) on those SCells which do not belong to the sTAG including PUCCH SCell. Therefore we could get the benefit from UL even if the TAT of the TAG including PUCCH SCell is expired. DL transmission of the cells which belong to Primary PUCCH SCell group can work, only DL transmission of the SCells which belong to Secondary PUCCH SCell group shall be stopped because their PUCCH SCell cannot work. In CA, downlink and uplink are configured separately, when the network configures such multiple uplink Scells, it means that there is such kind of uplink service.
Compared with option 2, option 1 seems simple. It does not allow the PUSCH transmission on all SCells when the TAT containing their own PUCCH SCell is expired.
Both options can work, from simplification point of view, we slightly prefer option 1.
Proposal 2: When the TAT associated with sTAG including PUCCH SCell is not running, the UE shall stop uplink transmission for all SCells which belong to the Secondary PUCCH Cell group.
Regarding how to stop the uplink transmission, there are two alternatives:
Option 1a: When the TAT associated with sTAG including PUCCH SCell is not running, the TAT associated with any TAG including SCells which belong to Secondary PUCCH Cell group is considered as expired.
Option 1a follows the legacy principle that is the uplink transmission is controlled per TAG and based on whether TAT is expired or not. The specification work could be ignored. However, option 1a has problem for scenario 3. The SCell 1 can work well, it is undesirable to stop the UL transmission for it only because the Secondary PUCCH Cell group has problem. To solve this problem, seems the only way for option 1a is to rule out the scenario 3, i.e. similar as Dual connectivity, A TAG only comprises cells of one PUCCH cell group in case PUCCH SCell belongs to one sTAG..
Option 1b:  When the TAT associated with sTAG including PUCCH SCell is not running, all SCells belong to the Secondary PUCCH group stop uplink transmission;
This option solves the problem of option 1a perfectly. It can work for scenario 3, only SCells belong to the Secondary PUCCH group stop uplink transmission. Other SCells, e.g. SCell 2 in figure 3 will not be impacted.
Considering it is modeling issue, we can leave it in stage 3.
Proposal 3: How to stop the uplink transmission can be FFS.
2.2 Activation/ Deactivation

In legacy CA, the default state of SCell is deactivated when the SCell has been added. Additional activation procedure is needed to move the SCell to activated state. It is natural to support activation/deactivation for PUCCH SCell. However, since PUCCH SCell carries PUCCH for other SCells in Secondary PUCCH cell group, any other SCells in the Secondary PUCCH Cell group cannot work unless PUCCH SCell is in activated state. Therefore PUCCH SCell should be activated before any other SCell in Secondary PUCCH cell group is activated, and it should not be de-activated early than all the other SCells in Secondary PUCCH Cell group.

Proposal 4: The default state of PUCCH SCell is deactivated;

Proposal 4bis: PUCCH SCell should be activated before any other SCell in Secondary PUCCH cell group is activated, and it should not be de-activated early than all the other SCells in Secondary PUCCH Cell group.
2.3 PUCCH Cell group management procedure
From functionality perspective, PUCCH Cell group management procedure should include PUCCH Cell group addition, PUCCH cell group release, PUCCH cell group change and PUCCH cell group reconfiguration.  We discuss all these procedures in the following sub sections.
2.3.1  PUCCH cell group addition
The PUCCH cell group addition procedure is used to add Secondary PUCCH cell group, i.e., to add PUCCH SCell and optional one or more SCells in Secondary PUCCH cell group. The procedure is shown in figure 4.
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Figure 4: PUCCH Cell group addition
We need to consider two isues for PUCCH cell group addition:

Issue 1: How to handle the normal SCells which belong to primary PUCCH cell group and are in activated state.
According to figure 4, we can see the PUCCH SCell can only be activated after RRC configuration procedure by separate MAC command. Therefore any other normal SCells belong to this Secondary PUCCH group shall be in deactivated state. However, some SCells may belong to Primary PUCCH Cell group before, and be in activated state. Obviously these SCells should be firstly de-activated, and all the SCells in Secondary PUCCH cell group including PUCCH SCell should stay in de-activated state during the RRC configuration procedure unless receiving activation CMD. 

To deactivate the SCells, two options could work:

Option 1: Deactivate the SCell by MAC CE before adding it into Secondary PUCCH group;

Option 2: Release the SCell first, and then add it again. It could be done in the same message.

Considering option 1 needs additional MAC CE and additional delay, obviously option 2 is better.  However we can leave it to eNB implementation.

Proposal 5: All SCell of the Secondary PUCCH group shall be in deactivated state during Secondary PUCCH group addition.  How to guarantee it can be left to eNB implementation.
Issue 2: do we need to trigger RACH procedure upon PUCCH Cell group addition?
There are two purposes to trigger RACH: One is to obtain TA; another is for synchronized configuration.  Considering the default state of all the SCells is deactivated. We do not see the need to have synchronized configuration. Therefore the network only triggers RACH procedure on the PUCCH SCell if there is not initial TA for the corresponding TAG. 
Proposal 6: During PUCCH Cell group addition procedure, RACH on PUCCH SCell is only needed if there is no initial TA for corresponding TAG. 
2.3.2  PUCCH cell group change
The PUCCH cell group change procedure is used to change PUCCH SCell of the Secondary PUCCH Cell group. The new PUCCH SCell may be a totally new SCell, or was a SCell which belongs to Primary PUCCH Cell group or Secondary PUCCH cell group. The procedure is similar to what have been discussed for the PUCCH cell group addition procedure. We have similar proposals:
Proposal 7: All SCell of the Secondary PUCCH group shall be in deactivated state during Secondary PUCCH group change.  How to guarantee it can be left to eNB implementation.
Proposal 8: During PUCCH Cell group change procedure, RACH on PUCCH SCell is only needed if there is no initial TA for corresponding TAG. 
2.3.3  PUCCH cell group reconfiguration
The PUCCH cell group reconfiguration is used to switch the SCell not carrying PUCCH between Primary PUCCH group and secondary PUCCH cell group. Similar to what we have discussed for the PUCCH cell group addition and change procedures, in order to synchronize the PUCCH transition of the SCell from PUCCH SCell to PCell, the SCell should be firstly de-activated if it is in activated state.  Therefore we have similar proposal:
Proposal 9: All SCells which is changing PUCCH group shall be in deactivated state during PUCCH group reconfiguration.  How to guarantee it can be left to eNB implementation.
2.3.4  PUCCH cell group release
The PUCCH cell group release procedure is used to release Secondary PUCCH cell group, for the cells in Secondary PUCCH cell group which are not the UE’s SCell any longer, they are completely released via the procedure. For the cells which remain as the UE’s SCell, they should be reconfigured into Primary PUCCH cell group. To this SCell, it is PUCCH cell group reconfiguration procedure. As mentioned above, the SCell shall be in deactivated state during PUCCH cell group change procedure.

2.4 RRM measurement
In DC, A3 and A5 measurement events are enhanced to be applicable for PSCell, and this make it easy to select a best cell among different frequencies to be PSCell.
Similarly, selecting a best cell among different frequencies to be PUCCH SCell is also important since it carries PUCCH for all the other SCells in Secondary PUCCH cell group and this becomes more important with the increasing number of frequency that can be aggregated. Hence, we think A3 and A5 measurement events should also be applicable for PUCCH SCell. 
Proposal 10: Enhance A3 and A5 measurement events for PUCCH SCell.

2.5 PHR

In legacy CA, Extended Power Headroom Report MAC Control Element was introduced to accomadate type 2 PH of PCell and type 1 PHs of all the SCells. In DC, Dual Connectivity Power Headroom Report MAC Control Element was introduced to include the extra type 2 PH of PSCell. For PUCCH on SCell, there are two options:

Option 1: Reuse the DC PHR MAC CE

In this option, the type 2 PH field in the DC PHR MAC CE is used to carry the type 2 PH of PUCCH SCell. However, there are mainly two disadvantages to this option:

· Not future proof. The option makes it difficult to extend PUCCH on SCell into DC in the future;
· The option cannot work if the maximum number of PUSCH one UE can simultaneously support beyonds 8;
Option 2: Introduce a new PHR MAC CE

We think option 2 is a clean solution which does not have the disadvantages listed for option 1. 
Proposal 11: A new PHR MAC CE is introduced to accomadate the type 2 PH field of PUCCH SCell and the type 1 PH fields of up to 32 serving cells.
2.6 RLM & RLF
RLM is not supported on SCell in the legacy CA, and the network detects RLF on SCell based on RRM and CQI measurement report from UE. Once RLF of one SCell is detected by the network, the network can stop the scheduling. So almost all the uplink transmission on the SCell is immediately stopped since SPS and PUCCH are not supported on SCell.

However, this is not the case for PUCCH SCell because the SCell carries PUCCH. If RLM is not supported on PUCCH SCell, the UE will continue to transmit PUCCH or Periodic SRS on the SCell even if RLF happens. This would generate both PUCCH and PUSCH interference and waste UE battery power. 

· In case TA and the path loss reference of PUCCH SCell is Pcell
There may be no problem since the path loss reference and TA reference of the SCell is not lost, the network can still use CQI to find the RLF. 
· In case TA and the path loss reference of PUCCH SCell is not Pcell
The issue is serious in this case since both the path loss reference and TA reference of the SCell has lost.

Furthermore, we note one important motivation to support RLM on PSCell in DC is indeed to reduce PUCCH interference resulting from possible RLF on PSCell. 
Based on above analysis, we think it is necessary for UE to support RLM on PUCCH SCell at least when the path loss reference of the SCell is not PCell.

Proposal 12: RLM shall be supported on PUCCH SCell at least when the path loss reference of the SCell is not PCell.

Regarding the handling of SCells within the Secondary PUCCH group upon RLF of PUCCH SCell, there are two options similar as what we discussed in section 2.1.

Option 1: Stop the uplink transmission for all SCells which belong to the Secondary PUCCH SCell group;

Option 2: Only stop uplink transmission for the PUCCH SCell and the Scell belonging to Secondary PUCCH Scell and whose TA and pathloss reference is not Pcell;
As discussed in the section 2.1, we still slight prefer option 1 here. In DC if the UE detects RLF on PSCell, it will stop all uplink transmission towards SCG and reports the RLF to the network. Similar action could be used for PUCCH SCell. Therefore we propose:
Proposal 13: If RLF is detected on PUCCH SCell, the UE shall stop uplink transmission for all SCells which belong to the Secondary PUCCH Sell group and report the RLF of PUCCH SCell to the network instead of triggering RRC re-establishment.
2.7 The functionalities which could be reused directly
In the Table 1, we list the functionalities specified for the legacy CA, and which could be reused to PUCCH SCell directly.
Table 1 the functionalities which could be reused directly
	System information
	Required system information of an SCell is provided to UE by dedicated signalling when the SCell is configured.

The change of an SCell’s system information is handled by release and addition of the concerned SCell in one RRC message.

	RAR
	RAR is scheduled via the RA-RNTI only on PCell.

	DRX
	Common DRX is used for PCell and all the SCells.

	SR & Contention-based RACH
	SR is not supported on SCell.

Contention-based RACH is not supported on SCell.

	Pathloss reference & Timing reference
	For SCell in pTAG, its pathloss reference can be configured to be PCell or SIB-2 linked SCell;

For SCell in an sTAG, its pathloss reference shall be the SIB-2 linked SCell.

For SCell in pTAG, its timing reference is PCell;

For SCell in an sTAG, its timing reference can be any activated SCell in the sTAG.

	MAC entity
	Common MAC entity for PCell and all the SCells.


Proposal 14: RAN2 is asked to confirm whether the functionalities listed in the table 1 could be reused for PUCCH SCell directly. 
3 Conclusion
In this contribution, we discuss RAN2 impact due to the introduction of PUCCH SCell. Based on the discussion, we have the following proposals:
Proposal 1: When the TAT associated with pTAG is not running, the TAT associated with all sTAGs shall be considered as expired.

Proposal 2: When the TAT associated with sTAG including PUCCH SCell is not running, the UE shall stop uplink transmission for all SCells which belong to the Secondary PUCCH Cell group.
Proposal 3: How to stop the uplink transmission can be FFS.

Proposal 4: The default state of PUCCH SCell is deactivated;

Proposal 4bis: PUCCH SCell should be activated before any other SCell in Secondary PUCCH cell group is activated, and it should not be de-activated early than all the other SCells in Secondary PUCCH Cell group.
Proposal 5: All SCell of the Secondary PUCCH group shall be in deactivated state during Secondary PUCCH group addition.  How to guarantee it can be left to eNB implementation.
Proposal 6: During PUCCH Cell group addition procedure, RACH on PUCCH SCell  is only needed if there is no initial TA for corresponding TAG. 
Proposal 7: All SCell of the Secondary PUCCH group shall be in deactivated state during Secondary PUCCH group change.  How to guarantee it can be left to eNB implementation.
Proposal 8: During PUCCH Cell group change procedure, RACH on PUCCH SCell is only needed if there is no initial TA for corresponding TAG. 
Proposal 9: All SCells which is changing PUCCH group shall be in deactivated state during PUCCH group reconfiguration.  How to guarantee it can be left to eNB implementation.
Proposal 10: Enhance A3 and A5 measurement events for PUCCH SCell.

Proposal 11: A new PHR MAC CE is introduced to accomadate the type 2 PH field of PUCCH SCell and the type 1 PH fields of up to 32 serving cells.
Proposal 12: RLM shall be supported on PUCCH SCell at least when the path loss reference of the SCell is not PCell.

Proposal 13: If RLF is detected on PUCCH SCell, the UE shall stop uplink transmission for all SCells which belong to the Secondary PUCCH Sell group and report the RLF of PUCCH SCell to the network instead of triggering RRC re-establishment.
Proposal 14: RAN2 is asked to confirm whether the functionalities listed in the table 1 could be reused for PUCCH SCell directly. 
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