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1 Introduction

In RAN1 #82bis, it was a discussion on which slot within the slot-cycle should be used for transmitting the TPC command in downlink when the Algorithm 3 is configured [1]. The discussion could not be finalized in RAN1 #82bis, which led to an e-mail discussion from which the following Working Assumption was extracted:
Working Assumption:

1. If no additional signaling is sent to the UE, one implicit rule is required to indicate UE the slot position.

2. It is allowed to send new signaling to the UE to indicate the slot position of the TPC symbol within the slot-cycle.

For bullet 1, there are two options, which remain open:

a. For all RLs, including the case when only one RL exists, TPC symbols are only allowed to be in the first slot, 3rd ~ 10th symbols, and in the second slot, 1st and 2nd symbols. 

b. When only one RL exists, TPC symbols are allowed to be in first slot, any symbol. No Iub signaling is required. For new RL, TPC symbols will be transmitted within the TPC combining period of the existing RL’s TPC symbol. Iub signaling is required.

This contribution is intended to provide an analysis on the existing proposals towards taking a final decision in RAN1 #83.
2 Candidate solutions for the slot-mapping position of the DL TPC commands 
When the Algorithm 3 is configured, only one TPC command is transmitted in downlink per slot cycle, which can be mapped either, in one out of three slots or in one out of five slots depending on the configured decimation factor.

When the F-DPCH is configured to work together with the Algorithm 3, at UE side it has to be taken into account that there is an offset of 512 chips (equivalent to two TPC symbol position) added to the TPC command combining period with respect to the “downlink slot boundary for F-DPCH” [2].
The 512 chips offset on the TPC command combining period becomes relevant in the SHO scenario, since the TPC commands of the serving radio link (RL) and the new added radio links have to fall within the same TPC command combining period in order to be processed together. The SHO scenario can be split in two cases:

· In principle, if the new added RL can make use of the same TPC symbol position used by the serving RL, then there is no issue at all.

· If it is assumed a highly loaded scenario where the TPC symbol position used by the serving RL is not available for the new added RLs, then the 512 chips offset mentioned above implicitly adds a limitation on where to map the TPC symbols in order to make them fall into the same TPC command combining period, and in that case a new solution is needed. However, on this point is relevant to mention that if neither the F-DPCH slot format #0 nor the slot format #9 is used [3], then the issue disappears since the rest of the F-DPCH slot formats somehow compensate for the 512 chip offset misalignment. 
Taking as reference the potential unavailability of suitable TPC symbol positions that may occur in a highly loaded SHO scenario, the companies have proposed the solutions summarized in Table 1.
 Table 1: Comparative analysis on the proposals for the slot-mapping position of the DL TPC commands.
	Proposal
	Requirements
	Benefits
	Raised Issues

	“Rule-based” Approach

1. If no additional signaling is sent to the UE, one implicit rule is required to indicate UE the slot position.


	a. For all RLs, including the case when only one RL exists, TPC symbols are only allowed to be in the first slot, 3rd ~ 10th symbols, and in the second slot, 1st and 2nd symbols. 
	· Adding a “Rule-based” statement in 25.214
	· No TPC command combining period issue
· 10 symbol positions available for mapping added RLs
	· The rule applies in the non SHO. 
Note: It was pointed out as an issue, however is rather seen as an advantage that the solution works the same way independently if the UE is in SHO or not (i.e., no re-configuration is required). In any case a new behavior is needed for the Algorithm 3 in order to overcome this issue.


	
	b. When only one RL exists, TPC symbols are allowed to be in first slot, any symbol. No Iub signaling is required. For new RL, TPC symbols will be transmitted within the TPC combining period of the existing RL’s TPC symbol. Iub signaling is required.


	· Adding a “Rule-based” statement in 25.214

· Adding Iub signaling in 25.435
	· No TPC command combining period issue
· 10 symbol positions available for mapping added RLs
	· NBAP signaling is required.


	“Over-the-Air” Signaling Approach

2. It is allowed to send new signaling to the UE to indicate the slot position of the TPC symbol within the slot-cycle.
	· Adding a statement in 25.214

· Adding the corresponding signaling configuration in 25.331
· Adding Iub signaling in 25.435
	· No TPC command combining period issue
· 30/50 symbol positions available for mapping added RLs
	· Additional standardization effort (dynamic signaling and reconfiguration) for addressing a problem that only may occur in SHO for the F-DPCH slot format #0 and #9.
· Risk of “Call drop” at moment of reconfiguring the serving RL in SHO.
· A new re-configuration of the existing RLs may be needed every time a new RL is added (slows down the SHO procedure).



If the ultimate goal is to address a highly loaded scenario, where due to the TPC symbol position occupancy and the “512 chips offset of the F-DPCH” is not possible to map the TPC command of a recently added RL into the same TPC command combining period of the serving RL, then either proposal “a” or “b” under the “Rule-based Approach” should be sufficient to overcome the issue. In that case, what remains to be done is selecting only one of the “Rule-based” proposals based on technical merits, complexity, and specification impacts.
On the other hand, if final aim of the solution is to address a heavily loaded scenario in which is not possible to map the TPC command of a recently added RL into the same TPC command combining period of the serving RL because the non-decimated slot from a new RL’s perspective is fully occupied, then “over-the-air” signaling approach” can be seen as a complementary solution. However, in our view this extremely loaded scenario where not even one TPC symbol position in the non-decimated slot remains available for a potential TPC symbol mapping only corresponds to a corner case. No to mention that with the “over-the-air signaling approach,” there is a “drop call” risk and an inherent delay added to the handover procedure.
3 Conclusions 

This contribution provides a comparative analysis on the proposals that have been listed under a “Working Assumption,” aiming at finding the way of mapping the TPC symbols to be transmitted in downlink on the non-decimated slots when the Algorithm 3 is configured.

From the analysis performed the following findings were obtained:
· The issue being investigated addresses a problem that only may occur in SHO for the F-DPCH slot format #0 and #9.
· In principle, there is no issue at all if the new added RL can make use of the same TPC symbol position used by the serving RL.

· If it is assumed a highly loaded scenario where the TPC symbol position used by the serving RL is not available for the new added RLs, where the issue comes from the 512 chip offset restriction on the F-DPCH, then either proposal a or b should be enough to alleviate the problem.

· On the contrary, if the assumption is an extremely heavily loaded scenario where not even one TPC symbol position in the non-decimated slot remains available for a potential TPC symbol mapping, then proposal 2 can be seen as a complementary solution.
So, on mapping the TPC symbols to be transmitted in downlink on the non-decimated slots when the Algorithm 3 is configured two alternatives are suggested to be considered:
If the solution is intended to compensate with a low complexity and minor standardization effort the issue derived from the “512 chips offset” of the F-DPCH when in a highly loaded scenario is not possible to map in a suitable position the TPC symbol of the new RL, then the proposal is:
Proposal 1: Chose only one “Rule-based” approach, being solution “a” proposed to be adopted based on its reduced complexity and minor standardization impact.
On the other hand, if the solution is targeting a scenario that is beyond a highly loaded scenario where not even one TPC symbol position in the non-decimated slot remains available for a potential TPC symbol mapping, then it is proposed:
Proposal 2:  Chose as default solution the “Rule-based” approach selected in proposal 1, and let as optional the “over-the-air signalling approach”. That is, select: 1a+solution2.
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