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Discussion and Decision
1. Introduction
In RAN#66, new Work Item of “LTE Carrier Aggregation Enhancement beyond 5 Carriers” has been approved in [1]. One of the two objectives is to continue working on PUCCH on SCell. In this contribution, we discuss its relationship with TAG in MTA and CG in DC, and provide our view. 
2. Discussion
As we concluded in other contribution [2] that new terminology “PUCCH cell group” will not be necessary from configuration/specification point of view. However, we can still use “PUCCH cell group” to refer to a group of serving cells for which their UCIs are configured on the same PUCCH cell in following discussion. 
According to the LS from RAN1[3], we assume there are at most two PUCCH cell i.e. PCell and another SCell, and correspondingly, there are at most two PUCCH cell groups for up to 5 CCs.
2.1
Relationship with TAG
In the CA, a Timing Advance Group (TAG) is defined and each TAG consists of one or more than one cells for which the same UL transmission timing could be applied. The TAG including PCell is named pTAG and TAGs including only SCell(s) are named sTAG. And up to 4 TAGs can be configured.
If the Time Alignment Timer (TAT) of a TAG is expired, UE shall release any UL configurations including the PUCCH and stop any UL transmission on all serving cells in this TAG. This means if the serving cell and its corresponding PUCCH cell are in different TAG, there is a situation that the serving cell being used for DL data transmission can perfectly work, but its PUCCH is released, and eNB cannot get the feedback of DL data transmission. Even though configuration of PUCCH SCell and TAG may be totally left to eNB implementation, we would like to look at case by case, to see if any configuration restriction is necessary or beneficial.

Without any configuration restriction, there are 3 cases with respect to the TAG, i.e. only one TAG, two TAGs, and more than two TAGs. In the following, we discuss possible configuration options for each case and those options can be seen in figures below:
· Case A: only one TAG, i.e. pTAG
· Option A-1: no PUCCH on SCell
· Option A-2: PUCCH on one SCell 
Option A-1 is the legacy configuration. Option A-2 means PUCCH on SCell could be configured independently from MTA configuration. Considering there is only pTAG, the CA scenario #1 is the most likely scenario. If PUCCH on SCell is for load balancing of PUCCH, the eNB can perform the PUCCH load balancing by distributing PCell of UEs appropriately, given that RSRP would be similar among cells in the same band. On the other hand, the CA scenario #2, 3 may be also possible if two frequencies (F1, F2) are not so much different. In these scenarios, the eNB may configure PCell of UEs in the same band (e.g. F1) and PUCCH on SCell may be beneficial. 
Question 1: Whether PUCCH on SCell can be configured while MTA is not configured.

[image: image6.png]pTAG sTAG1 sTAG2

Option (c-1)

pTAG sTAG1 sTAG2

Option (c-2)




Fig. 1: example of PUCCH cell group – 1 TAG

· Case B: two TAGs, 

· Option B-1: PUCCH on SCell is also in pTAG (fig.2 option b-1)
· Option B-2: PUCCH on SCell is in sTAG (fig. 2 option b-2,3,4)

· TAG and PUCCH cell group are aligned as in fig. 1
· Serving cell in pTAG or sTAG has its PUCCH cell in another TAG
For option B-1, if we assume the UCI of the PUCCH cell will be on itself, then it is already a fact that serving cells belong to pTAG will have different PUCCH cell and sTAG’s serving cells will have their PUCCH cell in pTAG. As indicated in the beginning, a drawback of having one serving cell and its PUCCH cell in different TAG is that the serving cell will not be able to work while its PUCCH is released due to the expiry of the TAT of another TAG, and then PUCCH should be reconfigured. (Please note this is not a real problem in two TAG cases since any way TAT expiring of pTAG will lead to TAT expiring of sTAG, but it will be a problem when there is more than two TAG case). On the other hand, restricting the PUCCH cell group to be aligned with TAG will limit the offload flexibility. If going with option B-2, there is possibility to align the PUCCH cell group and TAG configuration.

Question 2: Whether PUCCH on SCell have to be configured on one SCell belong to sTAG if any.
If PUCCH on SCell is in one sTAG as option B-2:
Question 2a: In case there is PUCCH cell in a given sTAG, whether it is better to configure this PUCCH cell for all serving cells belong to this sTAG.
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Fig. 2: example of PUCCH cell group – 2 TAGs

· Case C: more than two TAGs
· Option C-1: all serving cells belong to this TAG have the same PUCCH cell (fig. 3 option c-1) 
· Option C-2: serving cells belong to one TAG can be linked to different PUCCH cells (fig. 3 option c-2)
Note that we only discuss particularly for serving cells belong to a TAG without PUCCH cell (i.e. serving cells in sTAG1 as shown in fig. 3), for other serving cells, it would be same as case B. We consider 3 TAGs as shown in fig. 3.
For Option C-1, the UCIs of the SCell2 and SCell3 of sTAG1 are sent on the PUCCH on the SCell4 of sTAG2. If the TAT of sTAG2 expires, the feedback for DL transmission on SCell2 or 3 cannot be sent. This is the same situation as SCell2 in fig. 2 option b-4. For Option C-2, the UCI of the SCell2 is sent on the PUCCH on the PCell, while the UCI of the SCell3 is sent on the PUCCH on the SCell4 of sTAG2. So, within the same TAG (i.e. sTAG1), the PUCCH cell is different among serving cells. Normally, it would be beneficial to use serving cells in the same TAG at the same time from the concept of CA. Thus, it would be also useful to send feedbacks of DL transmissions on these serving cells on the same PUCCH. This may be a limitation from the flexibility of PUCCH load balancing pint of view, while this may make a UE behavior simpler.
Question 3: Whether it is beneficial to configure such that the serving cells in the same TAG are linked to the same PUCCH cell.
Proposal 1: RAN2 discuss whether any above restrictions on configuration of PUCCH cell could be specified or it will be sufficient to leave it up to the eNB implementation.
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Fig. 3: example of PUCCH cell group – 3 TAGs

2.2
Relationship with CG in DC
In the DC, a Cell Group (CG) is defined and each CG consists of one or more than one cells by which either the Master eNB (MeNB) or the Secondary eNB (SeNB) manages. The CG including only cell(s) of the MeNB is named MCG and the CG including only cell(s) of the SeNB is named SCG.
Currently MCG and SCG has their own PUCCH cell i.e. PCell and PSCell. And each CG has only one PUCCH cell. By introducing PUCCH Scell, the question is whether PUCCH on other SCell rather than PCell and PSCell is allowed or not. Since PUCCH Scell feature is only for scenario up to 5 carriers in total and it is for PUCCH offload, there should be no PUCCH load issue for DC, considering there is already PUCCH on both PCell and PSCell for up to 5 carriers. Moreover, PUCCH load issue in DC could be further discussed when we discuss up to 32 carriers’ case, RAN1 already agreed that
PUCCH on two serving cells in CA is not supported within MeNB or SeNB, it is proposed:
Proposal 2: RAN2 confirm that PUCCH on SCell and DC will not be configured at the same time, when there are up to 5CCs. 
3. Conclusion

In this contribution we discussed how to configure PUCCH cell together with MTA and DC. In term of MTA we made the following proposal:

Proposal 1: RAN2 discuss whether any these restrictions on configuration of PUCCH cell could be specified or it will be sufficient to leave it up to the eNB implementation:
1) Whether PUCCH on SCell can be configured while MTA is not configured.

2) Whether PUCCH on SCell have to be configured on one SCell belong to sTAG if any.

2a) In case there is PUCCH cell in a given sTAG, whether it is better to configure this PUCCH cell for all serving cells belong to this sTAG.
3) Whether it is beneficial to configure such that the serving cells in the same TAG are linked to the same PUCCH cell.

In term of the relationship between PUCCH SCell feature and DC feature, it is proposed:
Proposal 2: RAN2 confirm that PUCCH on SCell and DC will not be configured at the same time, when there are up to 5CCs. 
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