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1. Introduction

One of the motivating factors for the proposals on enhancements to legacy R99 DCH design is the introduction of power savings at the UE, made possible by techniques of FET and user pairing. For user pairing, two users will be time-multiplexed onto the same code resources, shortening transmission time intervals to individual users. 

In this contribution, optimization aspects of the operation of user pairing in SHO are discussed. It is proposed that the soft combining window is extended to allow for more freedom in pairing when users are traversing cells.

2. Pairing of Users in Enhanced R99

In user pairing as proposed in [1] two users may be using the same DCH in time-multiplexed manner. This operation is transparent to the users, as they are configured by the RNC to use certain TF and are not aware of the paired user. The purpose of this technique is to accomplish a transmission in half the time, without having to sacrifice code space.

For a user changing from one cell to the other the DL timing as well as the UL timing of the previous cell will be inherited in the new cell.
The RNC is responsible for establishing paired users, and hence giving users the same frame timing. An obvious approach for the RNC to find pairable users is to configure only new users entering CELL_DCH state with a timing fitting an already active unpaired user. Another approach would be to perform a radio bearer reconfiguration for an already active user. We consider the latter solution to be impractical, given the associated signalling overhead for the network and the impact on user experience because of user-plane interruptions.
Assuming that all users in a cell have entered the cell by way of HO with random timing, the amount of users that can be paired or remain unpaired is shown in the Figure 1. It is clear that codespace availability will be greatly influenced by the frequency of new calls, and hence the ability of the RNC to create appropriate pairings is very limited.
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Figure 1: code availability for simultaneous use of enhanced R99 and HSPA. Control channels are not considered. 

In Figure 1 it is assumed that all users in the cell take a random tau of the 150 possibilities available in WCDMA [2]. A pairing of UEs occupying the same tau is performed. This proceeding simulates a network with long calls, where users have traversed the network for some time. This analysis does not consider UEs’ arrival and departure processes. That is, this analysis does not account for situations where UEs that just arrive can be given an arbitrary tau, so as to be paired with an unpaired existing UE. We note that an analysis considering arrival processes should also evaluate the waiting periods before finding a new paired UE.
It is observed that the majority of UEs cannot be paired, leading to either lack of WCDMA+ user capacity or code shortage for HSPA users, depending on what is compromised.
2.1 Pairing of traversing users

As users are maintaining their timing while traversing through cells, the operation of pairing may lead to a “timing contagion” in the network, or pairing may not be performed at the price of reduced codespace.

The effect of timing contagion can be best explained by an example:

Assume two users A and B are paired in a cell 1. User A may enter SHO with cell 2, while user B may enter SHO with cell 3. In case a user C in cell 2 happens to have the same tau as A, they may be paired. Otherwise the RNC will need to wait for a new user D to appear in cell 2 to be paired with A, shown in Figure 2. Now users D, A, B all have the same timing and may move further to new cells. 
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Figure 2: pairing in SHO with legacy timing
From above example we observe not only that timing contagion – after some time all users in the network may have the same timing – is a real possibility, but also that a pairing partner of a traversing user may not be available, leading to codespace shortage or to expensive RBR reconfigurations.
Timing contagion can be avoided by not pairing users entering a cell as part of a HO with new users. The penalty for doing so is the reduced available code space, further degrading the already impaired situation as described in above section.
2.2 Pairing with extended soft combining window

A solution to the availability of pairing partners is to extend the soft combining window. This allows the RNC to assign the UE a timing of its own choosing when the UE ventures into a new cell. Then the RNC can choose a timing that is suitable to already present users. As an example, in Figure 3 UE A is given a different timing in cell 2 to allow it being paired with UE D.
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Figure 3: pairing in SHO with extended SHO combining period. UE A can be paired with any available UE in cell 2.
Thus, greatly reduced pairing complexity is available to the network, at no signalling cost, and at 100% pairing efficiency.

Proposal: Allow a soft combining window of 15 slots at the UE to facilitate arbitrary pairing for SHO UEs.
2.3 Effect of extended soft combining window on UE battery saving

From a DL interference perspective there is little difference between synchronized DL SHO links, and DL SHO links that are delayed by a considerable amount, because the repetitive decoding attempts will succeed as soon as enough energy has been gathered by the UE, regardless of whether the energy was gathered on synchronized links or not. 

It can be argued that an extended SHO window will negatively impact the DRX battery savings of the otherwise time multiplexed radio frame structure of enhanced R99. This is true, and on average of 50% reduction of the DRX cycle can be expected for about 25% of UEs in SHO, depending on the network parameterization. However, it needs to be kept in mind that without user pairing at high loads the capacity is halved, as the amount of users is limited by the availability of spreading codes. Hence, the alternative to imposing a slight reduction in DRX cycle length (where nevertheless FET is still available) is to impose a DRX cycle of 100% for some users – not letting them connect at all because of code shortage.
The design puts most requirements on the UE, even though the extended buffer requirements are mild as only despread symbols need to be stored. 
2.4 Effect of extended soft combining window on delay budget

The soft combining has no real impact on the voice delay budget since the proposed time extension always falls within the allotted delay budget for a voice service. 

3. Conclusion
Pairing of users in enhanced R99 is plagued with availability of suitable pairing partners, leading to reduction of overall capacity because of reduced code space available. 

A solution is to extend the soft combining window. This allows the RNC to assign the UE a timing of its own choosing when the UE ventures into a new cell. Then the RNC can choose a timing that is suitable to already present users. Thus, greatly reduced pairing complexity is available to the network, at no signalling cost, and at 100% pairing efficiency.

Proposal: Allow a soft combining window of 15 slots at the UE to facilitate arbitrary pairing for SHO UEs.
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