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1 Introduction
The link and system impacts of using the SSC for managing infrequent uncompressed RTP and RTP header updates for VoIMS bearers is discussed in [2] and [3].

This contribution supplements the information in [2] and [3] with some further discussion on the impacts of different scrambling code usage on the pilot and data fields.
Referring to the VoIMS reference configuration described in [2], since the DPCCH is absent from DPCH2 (the physical channel under the SSC), this will cause a time-varying  SSC interference onto other users, on a sub slot level. As a consequence, other users’ pilot and data fields may be characterized by different SIR. In one implementation, the UE estimates the DL SIR for inner loop PC based on the pilot field alone.
This document discusses the relationship between the proposed SSC solution for VoIMS and the behaviour of other users’ power control loop.

2 Discussion

2.1 Time Varying Effects of SSC Transmissions

The PC loop impact is dependent on how the SSC level varies in time. The working assumption is that only one user is most likely to require SSC in the downlink at any one time. Thus, the SSC transmission will be switched ON/OFF a number of times per timeslot, due to DTX-ing the DPCCH or partly DTX-ing the DPDCH.
Thus, the discussion of power control impact can be limited to single SSC user scenario, which is also believed to be most relevant to the system. Note that by ‘single user’ we mean that at any time, we expect that at most a single physical channel under SSC will be activated in a cell.
2.2 SSC Load
It is important to evaluate the typical level of Node B power dedicated to the SSC transmission. The CDF of the SSC load was collected as part of the system level study [3] for the following deployment scenario, and is shown in figure 1:
· 27 8kbps speech UEs + 3 IMS UEs (Scenario 2 in [3])
The SSC load is defined as the fraction of Node B power under the SSC.
It can be seen that for 95% of cases, the SSC load does not exceed 25%, and practically does not go beyond 30%.
Based on the 3-SSC user CDF, the typical single SSC occupancy of 10% can be assumed.
2.3 Effective Geometry

By geometry, we understand the ratio of received Node B power and the sum of intercell interference and UE noise. However, in practice, the UE receiver is also exposed to a level of self-interference, i.e. interference from transmission from own cell. The amount of self interference is dependent, among other items, on the receiver structure and propagation conditions, and cannot be easily pre-estimated. One accepted way of accounting for self interference is the orthogonality factor approach, as outlined in [7].
Employing the orthogonality factor approach,  = 0.4 of Ior is treated as self interference in the macrocellular environment [7]. From the SSC load analysis in the previous section, the relevant SSC load is 0.1 of Ior, i.e. four times below self interference. Taking into account Ioc and UE noise, as well as the non-rigorous nature of orthogonality factor analysis, it can be stated that for ~50% of the receivers, the SSC interference is significantly smaller that the total of other interference sources, i.e. the SSC impact on PC loop is insignificant.
2.4 Time Shift Between Physical Channels

The interaction between the two physical channels under PSC and SSC depends on their relative timing. In figure 1, the relative time shifts between two slot format 9 physical channels are shown. Different shifts generally lead to different interference levels on the data and pilot fields of the DPCH under PSC. The summary of the shift-related interference levels is shown in table 1 for slot format 9 (proposed for IMS). The figures would vary to some extent for other slot formats, but the example nevertheless affords useful analysis.
In addition to collisions between SSC and PSC DPCHs, table 1 summarizes the collisions between SCH and DPCH. We note here that Ec_SCH/Ior is in the same range as the SSC loading for the single user case discussed above. In a typical test setup, it is equal to -12 dB but can be as high as ‑9.3 dB [9] (reporting of multiple neighbour cells).
Including the SCH in the discussion is motivated by the fact that, similarly to the DPCH under SSC, it is characterized by a non-100% duty cycle. Thus, it could potentially give rise to similar concerns, although we’re not aware of such concerns surfacing in the RAN working groups. The case of time shift equal to 9*256 chips is of particular interest. The pilot symbols are fully affected by the SCH interference, and the data field is completely free from it. The reason why this situation causes no concern may be related to the fact that operating IL PC based on the noisy pilot leads to higher than required quality of the data. By implication, the time shifts where the pilot experiences slightly more interference than data for the DPCH-DPCH case should be of little or no concern, i.e. cases for the shift equal to k = 1, 2, 3, 4, 5, 6, 9 (70% of cases).
Table 1  Summary of SSC & SCH interference on DPCH under PSC; slot format 9 assumed. The fraction of time, over which interference takes place is given (see figure 2) for an illustration.
	Shift, k*256 chips
	SSC interference on PSC DPCH
	SCH interference on PSC DPCH

	
	Data
	Pilots
	Data
	Pilots

	0
	26/26 = 100%
	    0%
	2/26 =  8%
	    0%

	1
	22/26 =   85%
	100%
	1/26 =  4%
	    0%

	2
	23/26 =   88%
	100%
	1/26 =  4%
	    0%

	3
	23/26 =   88%
	100%
	2/26 =  8%
	    0%

	4
	22/26 =   85%
	100%
	2/26 =  8%
	    0%

	5
	22/26 =   85%
	100%
	2/26 =  8%
	    0%

	6
	22/26 =   85%
	100%
	2/26 =  8%
	    0%

	7
	23/26 =   88%
	  50%
	2/26 =  8%
	    0%

	8
	23/26 =   88%
	  50%
	2/26 =  8%
	    0%

	9
	22/26 =   85%
	100%
	0/26 =  0%
	100%


On the other hand, the situation where the pilot-estimated SIR is higher than the data SIR may be a cause for concern for the individual radio links. This happens for the relative shift k=0, 7, 8 in table 1 – 30% of cases. This can adversely affect the QoS, which is invisible to inner loop PC. However, the SIR offset between pilot and data fields can be compensated by OL PC, by appropriately adjusting the SIR target.

The same argument holds for the reverse case, i.e. pilot-estimated SIR being lower than the data SIR, which would result in exceeding the QoS target, unless action was taken by the outer loop PC.
3 Conclusion

We discussed the impact of placing a DPCH under the SSC onto other DPCHs under the PSC. More specifically, we described the aspects of a non-100% SSC duty cycle, and its impact on other user’s power control, with the following conclusions:
· The non-100% SSC duty cycle is not expected to affect the majority of users. The exact fraction of users affected to a larger extent depends on the choice of slot formats, but it can be estimated as 10-15%; this is calculated as 0.9 (single SSC user scenario, section 2.1) * 0.5 (effective geometry, section 2.3) * 0.3 (time shift between physical channels, section 2.4).
· For the users that are affected by parallel SSC transmissions, it is important to realize that the impact is limited to the inner loop PC. If a serious mismatch occurs between the SIR on the pilot and data fields, it can be compensated by outer loop PC, i.e. setting a new SIR target. In the DL, the SIR target can be updated quickly by the UE.
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Figure 1  CDF of SSC load, Scenario 2 in [3]: 27 8kbps speech UEs + 3 IMS UEs.
Slot format 9, SF128 under PSC
d – data symbol field
T – TPC or TFCI symbol field
P – pilot symbol field
_ – DTX
d d d T T d d d d d d d d d d d d d P P

Slot format 9, SF128 under SSC

d d d _ _ d d d d d d d d d d d d d _ _   shift 0

_ _ d d d _ _ d d d d d d d d d d d d d   shift 1

d d _ _ d d d _ _ d d d d d d d d d d d   shift 2

d d d d _ _ d d d _ _ d d d d d d d d d   shift 3

d d d d d d _ _ d d d _ _ d d d d d d d   shift 4

d d d d d d d d _ _ d d d _ _ d d d d d   shift 5

d d d d d d d d d d _ _ d d d _ _ d d d   shift 6

d d d d d d d d d d d d _ _ d d d _ _ d   shift 7

T d d d d d d d d d d d d d _ _ d d d T   shift 8

d _ _ d d d d d d d d d d d d d _ _ d d   shift 9

SCH (relative between DPCH and SCH):
SCH _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _   shift 0
_ _ SCH _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _   shift 1
_ _ _ _ SCH _ _ _ _ _ _ _ _ _ _ _ _ _ _   shift 2
_ _ _ _ _ _ SCH _ _ _ _ _ _ _ _ _ _ _ _   shift 3
_ _ _ _ _ _ _ _ SCH _ _ _ _ _ _ _ _ _ _   shift 4
_ _ _ _ _ _ _ _ _ _ SCH _ _ _ _ _ _ _ _   shift 5
_ _ _ _ _ _ _ _ _ _ _ _ SCH _ _ _ _ _ _   shift 6
_ _ _ _ _ _ _ _ _ _ _ _ _ _ SCH _ _ _ _   shift 7
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ SCH _ _   shift 8
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ SCH   shift 9
Figure 2  Illustration of PSC – SSC DPCH collisions, and DPCH – SCH collisions.
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