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1. Introduction

In RAN1#82, it was decided to adopt DTX of TPC algorithm as Algorithm 3 [1]. There are some remaining aspects FFS. This contribution provides further considerations on the following FFS aspects:
· When (re-)configured, the UE is configured to receive the TPC command in a specified slot within a slot cycle. This specified slot should be

Option 1 – always the first slot 

Option 2 - either the first or in the last slot

Option 3 – any slot

· UL UE behavior (potentially follow the principle of  DPC_MODE 1 in legacy)
· SHO when at least one RL does not support Algorithm 3. The UE behavior is specified by the network:

· Rel-13 UE is re-configured with the legacy algorithms 

· Rel-13 UE keeps the existing configuration (it is assumed the UE was already configured with Algorithm 3)
The UL UE behaviour in single RL and multiple RL scenarios is discussed.
2. Discussion
2.1 UE behaviour in single RL scenario

In the slots where UE does not receive any TPC symbols from the NodeB, it is not clear what to be transmitted on the TPC field of the UL DPCCH. The TPC field cannot be DTXed as long as UL DPCCH is being transmitted. When decimation factor X = 3, the principle of DPC_MODE=1 can be fully reused. When DPC_MODE=1, UE sends the same TPC symbol in the consecutive three slots [2]. We propose:
Proposal 1: Agree that when the decimation factor is 3, the UE sends the same TPC symbol in the consecutive three slots.

DPC_MODE=1 only defines the UE behaviour in the first three consecutive slots. What to be sent in the remaining two slots is still not defined. One simple solution is to send the same TPC symbol in the first three consecutive slots and send the reversed TPC symbol in the remaining two slots. For example, “11100” for power up, and “00011” for power down. As it will be discussed in Section 2.3, this pattern can be beneficial in SHO when not all RLs support Algorithm 3.
It is noted that the above solution uses a pattern for TPC transmission. This pattern is pre-determined and known at the NodeB, so it is possible for the NodeB to use more than 1 slot to derive the TPC command to improve the TPC reception quality. We propose:

Proposal 2: Agree on a pattern based solution for TPC transmission in the uplink.
2.3 UE behaviour when all RLs support Algorithm 3

In order to simplify UE implementation, when all RLs are configured with Algorithm 3, all RLs TPC symbols are allocated within one slot. This way, the TPC combining window can be the same as legacy. In the other slots where no TPC symbols are transmitted, UE would simply hold its uplink transmit power.

One remaining issue that can be discussed in this scenario is the assignment of TPC slot position. Currently there are three options:
Option 1 – always the first slot 

Option 2 - either the first or the last slot

Option 3 – any slot

In single RL scenario, Option 1 can be the default solution and TPC slot position can be determined by the frame timing. 
In multiple RLs scenario, there is a need to change the slot position. The benefit of this flexibility is illustrated in Figure 1. Assume RL1 is the serving RL and the TPC symbols are in slot 1. RL2 is to be added to the UE active set. As illustrated in the figure, slot 1 in RL2 is already used by the other TPC symbols. If the TPC symbols can only be assigned to the fixed slot position (in this example slot 1), then TPC symbols on RL2 can only be assigned to another channelization code after RL2 is added in the UE active set. If instead the TPC symbols can be re-assigned to any slot position, then the TPC symbols of RL1 and the TPC symbols of RL2 would be assigned to different slots. No additional channelization code would be required for multiple RLs. 
One way to change the slot position is to change the original frame timing. However in this way the UE uplink timing would also be re-established because the UE uplink timing is determined by the frame timing. By not restricting the assignment of the TPC symbols to a fixed slot position, as in Option 3, it would be possible to re-allocate the slot position without changing the frame timing. The network can re-allocate the TPC slot position in any slot in SHO scenario. 
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Figure 1 Benefit of assigning TPC symbols to any slot

In order to preserve a major benefit of Algorithm 3, which is the channelization code utilization, we propose:
Proposal 3: Agree that TPC symbol of Algorithm 3 can be assigned to any slot within a slot cycle.

2.3 UE behaviour when not all RLs support Algorithm 3
We describe the UE behaviour in UL power control in Section 2.3.1, and the UE behaviour in DL power control in Sections 2.3.2 and 2.3.3.
2.3.1 UE behaviour in UL TPC
As discussed in RAN1#82 meeting, for the scenario of multiple RLs, it is possible to configure Algorithm 3 in new RLs and configure the legacy algorithm in legacy RLs. This scenario exists when some NodeBs are not supporting Algorithm 3. If Algorithm 3 can be configured, the benefits of Algorithm 3 can be preserved. The uplink power control behaviour at the UE side can be exactly the same as the case when all RLs are using Algorithm 3. As illustrated in Figure 2, the UE would only combine the TPC symbols in the slot where Algorithm 3 TPC symbols exist. The UE would not process any TPC symbol in the other slots, and hold its UL power in those slots. Either legacy Algorithm 1 or 2 can be configured together with Algorithm 3.
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Figure 2 UE TPC combining behaviour

We propose:
Proposal 4: When not all RLs support Algorithm 3, Algorithm 3 can be configured for the RLs supporting Algorithm 3.

Proposal 5: When not all RLs support Algorithm 3, UE only soft combines TPC symbols in the slots where Algorithm 3 TPC symbols exist.
2.3.2 UE behaviours in DL TPC when the serving RL is configured with Algorithm 3
In this case, UE may send a pattern in the uplink. For legacy NodeBs, if X = 3, then it can use DPC_MODE=1 to interpret the same TPCs in three slots. If X = 5, it is suggested to use the pattern “11100” for power up and “00011” for power down. The legacy NodeB cannot be configured with DPC_MODE=1 and it will change its downlink power slot by slot according to the received TPC symbols. The legacy NodeB will adjust its downlink transmit power after receiving each TPC command in the uplink. As there is always one more power up than power down TPC command in the pattern (or vice versa), the legacy NodeB would only increase/decrease its power by 1 dB after the slot cycle. If the pattern is such that repeats the same TPC symbols in 5 consecutive slots, the legacy NodeB would increase/decrease its power by 5 dB after the slot cycle.
Another option would be to allow the UE to power control both the Algorithm 3 serving RL and the legacy algorithm non-serving RL. As illustrated in Figure 3, in the slots where Algorithm 3 TPC symbols are transmitted, UE generates RL1 TPC command to power control the F-DPCH of RL1. In the other slots where legacy algorithm TPC symbols are transmitted, UE generates RL2 TPC command to power control the F-DPCH of RL2. This way, the F-DPCH qualities of the two RLs are controlled by the UE. The legacy RL can belong to a designated non-serving cell or to the E-DCH serving cell in E-DCH decoupling as defined in HetNet.
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Figure 3 F-DPCH quality control with two RLs

We propose:

Proposal 6: Consider to power control the F-DPCH quality of the Algorithm 3 serving RL, and the F-DPCH quality of a designated non-serving cell or the E-DCH serving cell in E-DCH decoupling.

2.3.3 UE behaviour in DL TPC when the serving RL is configured with legacy TPC algorithm
In this case, as the legacy serving RL is transmitting TPC commands every slot, UE may simply send TPC commands in the uplink to power control the serving RL every slot like legacy. Other NodeBs receiving the TPC commands will simply adjust their downlink transmit power like the legacy mechanism. We propose:
Proposal 7: When the serving RL is configured with legacy TPC algorithm, the UE behaviour is the same as legacy.
3. Conclusion
In this contribution, remaining details of the UE behaviour in single RL scenario, and in multiple RLs scenario are discussed. We propose:
Proposal 1: Agree that when the decimation factor is 3, the UE sends the same TPC symbol in the consecutive three slots.

Proposal 2: Agree on a pattern based solution for TPC transmission in the uplink.

Proposal 3: Agree that TPC symbol of Algorithm 3 can be assigned to any slot within a slot cycle.

Proposal 4: When not all RLs support Algorithm 3, Algorithm 3 can be configured for the RLs supporting Algorithm 3.

Proposal 5: When not all RLs support Algorithm 3, UE only soft combines TPC symbols in the slots where Algorithm 3 TPC symbol exists.
Proposal 6: Consider to power control the F-DPCH quality of the Algorithm 3 serving RL and the F-DPCH quality of a designated non-serving cell or the E-DCH serving cell in E-DCH decoupling.

Proposal 7: When the serving RL is configured with legacy TPC algorithm, the UE behaviour is the same as legacy.
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