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1. Introduction
The core part of the LTE Carrier Aggregation Enhancement Beyond 5 Carriers WI was completed in the last RAN plenary meeting [1]. In the WI, up to 32CC CA and PUCCH transmission on an SCell were discussed. Regarding the CA with up to 32 CCs, although new band class was specified, no band combination was introduced in TS 36.101. On the other hand, regarding the function of the PUCCH transmission on the SCell was specified regardless of the number of the CCs. In this contribution, we discuss impact of the PUCCH transmission on the SCell on downlink demodulation performance.
2. Necessity of discussion on PUCCH SCell
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Figure 1: An example of PUCCH SCell and PUCCH group

Up to Rel-12 CA, a UE can transmit PUCCH on PCell. In Rel-13 CA, a new function of PUCCH transmission on an SCell is introduced. An SCell configured with the PUCCH transmission is defined as PUCCH SCell [2] and a UE configured with the PUCCH SCell can transmit PUCCH on both PCell and PUCCH SCell. In addition, PUCCH group is newly defined [2]. All aggregated Cells belong to either primary PUCCH group or secondary PUCCH group as illustrated in figure 1. PUCCH signaling for a cell within the primary PUCCH group is associated with PUCCH on PCell. On the other hand, that for a cell within the secondary PUCCH group is associated with PUCCH on the PUCCH SCell.
Observation 1: “PUCCH SCell” and “Primary/Secondary PUCCH group” are newly defined.

Although the PUCCH transmission is a UL feature, it has impact on DL demodulation performance. For example, UCI such as HARQ-ACK feedback and CSI reporting are carried on PUCCH (or PUSCH). If HARQ-ACK and/or CSI are not correctly sent to eNB, the NW cannot gain good DL throughput performance. This means that it is important to ensure correct UE behavior related to the PUCCH transmission for not only UL performance but also DL demodulation performance.  
Observation 2: PUCCH transmission has impact on DL demodulation performance.
Proposal 1: To ensure correct UE behavior related to the PUCCH transmission for DL demodulation performance.

3. Purpose of DL demodulation tests for PUCCH SCell
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Figure 2: HARQ-ACK feedback on PUCCH in a legacy UE case (2CC CA).
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Figure 3: HARQ-ACK feedback on PUCCH in a UE configured with PUCCH SCell (2CC CA).

We analyze the PUCCH SCell functionality from UE layer1/2 process’s point of view using HARQ-ACK feedback as an example. Although HARQ-ACK can be carried on not only PUCCH but also PUSCH, in this section we focus on the PUCCH case for ease of explanation. First, we consider 2CC CA, which has PCell and PUCCH SCell. Figure 2 shows a legacy UE case, i.e. the UE is not configured with the PUCCH SCell. In this case, if the UE received a DL signal on PCell, HARQ-ACK for the PCell DL is carried on the PCell. Even if the UE received a DL signal on SCell, HARQ-ACK for the SCell DL is also carried on the PCell. In addition, if the UE received DL signals on both PCell and SCell simultaneously, HARQ-ACK for the SCell DL is multiplexed in the PUCCH on PCell and HARQ-ACK for both PCell and SCell are carried on the PCell. In other words, HARQ-ACK for DL signals on all cells are always carried on the PCell.
Observation 3: In case of the legacy UE, HARQ-ACK for DL signals on all cells are always carried on the PCell.

Figure 3 shows a UE configured with the PUCCH SCell case. In this case, if the UE received a DL signal on PCell, HARQ-ACK for the PCell DL is carried on the PCell as same as the legacy UE. On the other hand, if the UE received a DL signal on SCell, HARQ-ACK for the SCell DL is carried on not the PCell but the SCell. In addition, even if the UE received DL signals on both PCell and SCell simultaneously, HARQ-ACK for the PCell DL and that for the SCell DL are carried on the PCell and on the SCell, respectively. In other words, the UE does not multiplex HARQ-ACK for the SCell DL in the PUCCH on PCell. This means that the UE configured with the PUCCH SCell has different layer 1/2 process from the legacy UE.
Observation 4: In case of the UE configured PUCCH SCell, HARQ-ACK for DL signal on the PUCCH SCell is not multiplexed in the PUCCH on PCell, and it is carried on the PUCCH SCell.
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Figure 4: HARQ-ACK feedback on PUCCH in a legacy UE case (3CC CA).
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Figure 5: HARQ-ACK feedback on PUCCH in a UE configured with PUCCH SCell (3CC CA).

Next, we consider more than 2CC CA, which has PCell, PUCCH SCell, and SCell(s), especially we focus on the SCell(s). For ease of explanation, here 3CC CA case is used. Figure 4 shows a legacy UE case. In this case, HARQ-ACK for the SCell DL is always carried on the PCell. On the other hand, Figure 5 shows a UE configured with the PUCCH SCell case. In this case, the cell on which HARQ-ACK for the SCell DL is carried depends on the PUCCH group to which the SCell belong. For example, if the SCell belongs to the primary PUCCH group, then HARQ-ACK for the SCell DL shall be carried on the PCell. And if the SCell belongs to the secondary PUCCH group, then it shall be carried on the PUCCH SCell. 
Observation 5: In case of the UE configured PUCCH SCell, the UE shall correctly select the cell carrying HARQ-ACK for DL signal on SCell(s) based on the PUCCH group to which the SCell(s) belongs.
Based on the above analyses, the UE configured with the PUCCH SCell definitely has different layer 1/2 process from that of the legacy UE. Although we used HARQ-ACK as an example of UCI, the outcome of the analyses applies to other UCI. We, therefore, propose new demodulation test cases to verify new functions related to the PUCCH SCell.
Proposal 2: New test cases for the PUCCH SCell capable UE should be specified in order to verify followings;

· UCI for PUCCH SCell, e.g. HARQ-ACK for DL signal on PUCCH SCell, is not multiplexed in the PCell and it is carried on the PUCCH SCell.

· UCI for SCell(s) belonging to primary PUCCH group and secondary PUCCH group are carried on the PCell and the PUCCH SCell, respectively.
4. Test methodology and applicability 

Dual connectivity, which was specified in Rel-12, has a similar function of the PUCCH SCell. A UE configured with the DC can transmit PUCCH on both PCell and PSCell. Thus we could use test cases for the DC as a base line of the test cases for the PUCCH SCell capable UE. 
Proposal 3: Test cases for the DC could be a base line for the test cases for the PUCCH SCell capable UE. 

Table 1: Difference between CA, CA with PUCCH SCell, and DC from UE layer 1/2 process’s point of view

	
	UCI transmission
	Other functions

	Legacy CA
	· Per UE

· PUCCH transmission: PCell only
	Baseline

	CA configured with PUCCH SCell
	· Per PUCCH group

· PUCCH transmission: PCell and PUCCH SCell
	· No big difference from legacy CA

· Synchronous operation

· Unified (single) MAC entity

	DC
	· Per cell group

· PUCCH transmission: PCell and PSCell
	· Big difference from legacy CA

· Both synchronous and asynchronous operations
· Separate MAC entities


In addition to the test methodology, we should discuss a test applicability rule for both PUCCH SCell and DC capable UE. This is because a part of functions for the DC is similar to that for the PUCCH SCell as we mentioned earlier. Table 1 summarizes main difference between the legacy CA, CA configured with the PUCCH SCell, and the DC from UE layer 1/2 process’s point of view. As we discussed in Rel-12 [3-8], although the DC is similar to the CA in terms of aggregating multiple component carriers, new fundamental features were specified. And then new test cases for the DC were specified in order to verify them. Since the new features for the DC are not only PUCCH transmission on the PSCell, the test cases for the PUCCH SCell capable UE will not be enough to verify the correct UE behavior for the DC. This means that all test cases for the DC should be applied to the both PUCCH SCell and DC capable UE. 

Proposal 4: Test cases for the DC should be applied to the UE supporting both PUCCH SCell and DC.
Regarding the PUCCH transmission on other than PCell, there is a difference between the DC and CA configured with the PUCCH SCell. For example, although the PUCCH transmission for SCell in the DC depends on the cell group, the PUCCH transmission for SCell in CA configured the PUCCH SCell depends on the PUCCH group. This means that it is questionable that the test cases for the DC always verify the correct UE behavior related to the PUCCH SCell. RAN4, therefore, shall carefully analyze whether or not the test cases for the PUCCH SCell need to be applied to the both PUCCH SCell and DC capable UE.
Observation 6: PUCCH transmission rule of SCell for the DC is different from that for the CA with PUCCH SCell, i.e. although the UE configured with DC shall follow the cell group, the UE configured with PUCCH SCell shall follow the PUCCH group.

Proposal 5:RAN4 should carefully analyze whether or not the test cases for the PUCCH SCell need to be applied to the UE supporting both PUCCH SCell and DC.
5. Conclusion
In this contribution, we analysed the impact of the PUCCH SCell on the downlink demodulation performance. For ease of the explanation, although CSI can be carried on not only PUCCH but also PUSCH, we focused on the PUCCH case. First we analysed the necessity of the discussion on PUCCH SCell. Our observations and proposal are as below;
Observation 1: “PUCCH SCell” and “Primary/Secondary PUCCH group” are newly defined.

Observation 2: PUCCH transmission has impact on DL demodulation performance.

Proposal 1: To ensure correct UE behavior related to the PUCCH transmission for DL demodulation performance.

Second, we discussed the purpose of DL demodulation tests for PUCCH SCell capable UE. Our observations and proposal are as below;

Observation 3: In case of the legacy UE, HARQ-ACK for DL signals on all cells are always carried on the PCell.

Observation 4: In case of the UE configured PUCCH SCell, HARQ-ACK for DL signal on the PUCCH SCell is not multiplexed in the PUCCH on PCell, and it is carried on the PUCCH SCell.
Observation 5: In case of the UE configured PUCCH SCell, the UE shall correctly select the cell carrying HARQ-ACK for DL signal on SCell(s) based on the PUCCH group to which the SCell(s) belongs.
Proposal 2: New test cases for the PUCCH SCell capable UE should be specified in order to verify followings;

· UCI for PUCCH SCell, e.g. HARQ-ACK for DL signal on PUCCH SCell, is not multiplexed in the PCell and it is carried on the PUCCH SCell.

· UCI for SCell(s) belonging to primary PUCCH group and secondary PUCCH group are carried on the PCell and the PUCCH SCell, respectively.

Finally, we discussed the test methodology for the PUCCH SCell capable UE and the applicability rule for the both PUCCH SCell and DC capable UE. Our observations and proposals are as below;

Proposal 3: Test cases for the DC could be a base line for the test cases for the PUCCH SCell capable UE. 

Proposal 4: Test cases for the DC should be applied to the UE supporting both PUCCH SCell and DC.
Observation 6: PUCCH transmission rule of SCell for the DC is different from that for the CA with PUCCH SCell, i.e. although the UE configured with DC shall follow the cell group, the UE configured with PUCCH SCell shall follow the PUCCH group.

Proposal 5:RAN4 should carefully analyze whether or not the test cases for the PUCCH SCell need to be applied to the UE supporting both PUCCH SCell and DC.
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