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1 Summary and Recommendation
This document discusses the relative merits of the following proposals for IMS:
· The single-CCTrCH, multicode solution [1][2]: DPCH1 under PSC, DPCH2 under SSC (Solution 1 in the following text).
· The multi-CCTrCH solution [3]: CCTrCH1 under PSC, CCTrCH2 under SSC (Solution 2 in the following text).
It should be noted that Solution 2 seems currently to be less mature than Solution 1, as a number of open issues exist for the former, as described in [3]. For this reason, as well as due to lack of simulation results for Solution 2, it is difficult to draw final conclusions on some aspects of Solution 2 at this stage.

Nevertheless, the following remarks can be made, based on the preliminary discussion in the main body of this paper:
· Solution 1 is expected to be more link efficient than Solution 2 (in terms of 
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· Solution 1 is expected to cause less interference due to SSC, compared to Solution 2.

· Solution 1 requires a significantly lower standardization effort than Solution 2.

· Solution 1 carries a lower UE impact than Solution 2.

· Solution 1 carries a lower UTRAN impact than Solution 2.
On this basis, it is recommended that Solution 1 is adopted for IMS.
2 Discussion
In order to quantify the merits of the proposals, the following comparison criteria are set out:

· Link efficiency for IMS: the proposal should be link efficient, i.e. it should require low average 
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· Interference level: the proposal should minimize any interference exerted by an IMS user upon other users.

· Ease of inclusion into the standard: the proposed solution should minimize the specification update effort.

· UE impact (UE capabilities): the proposed solution should minimize UE impact.

· UTRAN impact: the proposed solution should minimize UTRAN impact.

Solution 1 and Solution 2 are discussed against the above criteria in the following sections.
2.1 Link Efficiency

2.1.1 Solution 1

Solution 1 was simulated in [2]. It was shown that the power requirement, compared to all-PSC transmission is 1‑5 dB, depending on geometry and channel type. This translates to as little as 1-2% of total Node B power, again depending on geometry and channel type.

2.1.2 Solution 2
Solution 2 was not simulated, therefore its link performance is evaluated qualitatively, in comparison to Solution 1.

The main differentiating factor between solutions 1 and 2 is the way physical resources are allocated to TrCH via rate matching. This is dimensioned by the worst-case TFC.

For solution 1, the worst-case TFC consists of SRB and uncompressed RTP (TFC2 in [2]). All physical resources are fully used by this TFC, i.e. there is no DRX, as shown in the figure.
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Then, the typical TFC consists of SRB and compressed RTP (TFC1 in [2]), and is carried on a single physical channel. A small number of DTX bits may be present on this physical channel, depending on the choice of rate matching parameters, as shown below. Note that the exact bit positions on any physical channel will be randomized by interleaving.
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For Solution 2, we assume that IMS is to be mapped onto two CCTrCHs of DCH type. Thus, rate matching takes place separately on each CCTrCH, and we need to find the worst-case TFC that will occur on each CCTrCH, and separately dimension each CCTrCH. To do that, a decision must be made whether a given logical channel should always be carried on the same TrCH & CCTrCH, or if it is possible to carry it on different TrCHs and CCTrCHs, depending on context. E.g., for RTP speech, which of the following should be the case:

· RTP always on CCTrCH1, whether compressed or uncompressed.

· Compressed RTP always carried on CCTrCH1, and uncompressed RTP always on CCTrCH2.
It seems that the latter is preferred, otherwise sufficient physical resources would have to be allocated on CCTrCH1 to cater for SRB + uncompressed RTP, making CCTrCH2 redundant.

Thus, a sensible worst-case TFC for CCTrCH1 in Solution 2 will be SRB + RTCP (equivalently SRB + SIP). This will fill an entire physical resource under CCTrCH1. The typical TFC will consist of SRB + compressed RTP, which is slightly smaller than worst case, leading to a small number of DTX bits. TrCH placement on CCTrCH1 in the worst-case and typical case is shown below.
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For CCTrCH2, the worst-case TFC corresponds to sending uncompressed RTP. It is hard to talk about a ‘typical’ TFC for CCTrCH2, as it will only be used as an overflow resource. Apart from uncompressed RTP, it will also be used for transmitting RTCP or SIP, whenever these occur in parallel with SRB and compressed RTP.

In summary, the transmission of SRB and uncompressed RTP will be handled as follows by Solution 2:
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And the transmission of SRB and compressed RTP will be handled as follows by Solution 2:
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2.1.3 Summary
The following remarks related to link performance can be made:

· The typical scenario (SRB + compressed RTP) is handled very similarly by the two solutions. The choice of rate matching parameters may lead to slightly different amounts of DTX between solution 1 and 2, but this is not expected to make a significant difference to link performance.

· The worst-case scenario (SRB + uncompressed RTP) is handled differently. With Solution 1, a large part of RTP is transmitted under the PSC, and the remaining part under the SSC. With Solution 2, the whole of RTP is placed under the SSC. One effect of this is that RTP is more exposed to interference from the PSC transmissions in the case of Solution 2, leading to an 
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· Other scenarios, such as SRB + compressed RTP + SIP: with solution 1, DPCH2 will be used only after DPCH1 under PSC is completely filled, i.e. there will be no DTX on the PSC. With solution 2, SIP would be directed to CCTrCH2 (SSC). Again, solution 1 would use the PSC resources slightly more efficiently than solution 2, leading to a performance penalty for the latter.

· TFCI coding efficiency. While for solution 1 a single TFCI is required, two TFCIs are needed for solution 2. The precise definition of TFCI signalling should be considered elsewhere, but the transmission of 2 TFCIs will require more power than the transmission of a single TFCI.

In summary, the 
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 performance of solution 2 is expected to be somewhat inferior to solution 1.

2.2 Interference Level

Some indication of the penalty from SSC usage was presented in [2], in terms of changes to effective geometry distribution. As discussed in the previous section, Solution 1 always fully utilizes the PSC resources, before using SSC resources. This is not the case with Solution 2, which may use SSC resources even before the PSC is fully utilized. Notably, this can happen e.g. when SRB + uncompressed RTP is transmitted. Other such cases include: compressed RTP + SIP, uncompressed RTP alone, or RTCP + SIP.

A proposal was made in [3] to transmit two separate TFCI words, one on each CCTrCH. This, if adopted, would lead to continuous SSC interference (from TFCI on CCTrCH2), even if the data part of CCTrCH2 were DTX-ed.

In can be concluded that the Solution 2 will cause a higher interference due to higher SSC usage, compared to Solution 2.

2.3 Ease of Standardization
2.3.1 Solution 1

This affects specifications 25.423 and 25.433, which must include an extra power offset between PSC and SSC transmissions. This can be achieved by e.g. adding a Power Offset IE to those DL codes of FDD DL Code Information IE that use secondary a scrambling code (see sections 9.2.2.14A of TS 25.423 and TS25.433).
The following way of implementing the power offset in the physical layer specifications has been identified:
25.211: no changes required.

25.212: no changes required.

25.213 section 5.2.2 Scrambling code:

“(…)

The mixture of primary scrambling code and secondary scrambling code for one CCTrCH is allowable. However, in the case of the CCTrCH of type DSCH then all the PDSCH channelization codes that a single UE may receive shall be under a single scrambling code (either the primary or a secondary scrambling code). In the case of CCTrCH of type of HS-DSCH then all the HS-PDSCH channelization codes and HS-SCCH that a single UE may receive shall be under a single scrambling code (either the primary or a secondary scrambling code). <Added text: In the case of CCTrCH of type DCH with a mixture of primary and secondary scrambling code, a power offset to be applied between the physical channels under the SSC and the physical channels under the PSC may be signalled by the higher layers. If the usage of alternative scrambling code for compressed frames is signalled by higher layers, then the power offset is not applicable during DPCH transmission on the alternative scrambling code.>

(…)”
25.214: no changes required.

It may be argued that the change is also relevant to the power control procedure. However, power control merely modifies the TX power of a DPCH irrespective of its original setting, therefore it is concluded that PC is not affected.

25.215: no changes required.

2.3.2 Solution 2

A number of open issues remain for Solution 2, therefore no attempt is made here to identify the precise specification changes; some analysis is included in the following:

· Since rate matching on each CCTrCH is independent, there is currently no mechanism for balancing QoS between TrCHs mapped onto different CCTrCHs. (Apart from slot format selection, but this offers little flexibility.) Thus, a power offset applicable to all DPCHs under a specific CCTrCH needs to be signalled over Iub. It should be noted that this would be required even for a situation when both CCTrCHs are under the PSC only. Further:

· If the two CCTrCHs employ a mixture of PSC and SSC each, then two types of offset will be needed: a cross-CCTrCH one + a cross scrambling code one.

· To define the cross-CCTrCH power offset, one of the CCTrCHs would have to be designated as ‘reference’. Also, if a higher number of CCTrCHs of DCH type were present (3, 4, etc.), the number of cross-CCTrCH power offset parameters would likewise have to be increased.

· A TFCI mechanism is required for each CCTrCH. Some initial proposals have been made in R2-041524:

· adapting the hard-split mode (number of TFCs on CCTrCH limited to 2k, and not extensible to more than 2 CCTrCHs)

· introducing a separate DPCCH for each CCTrCH.

· As discussed in [3], under certain circumstances restrictions would have to be placed on slot format selection, to ensure transmission gap alignment in CM.

· A layer 2 mechanism would be required to demultiplex a logical channel onto two DCHs (and hence CCTrCHs). For example, when transmitting SRB + compressed RTP then both SRB and RTP is to be mapped onto the 1st CCTrCH. However, when transmitting SRB + uncompressed RTP then SRB is to be mapped on the 1st, but RTP onto the 2nd CCTrCH. This is also valid e.g. for SRB + SIP vs. SRB + SIP + RTCP.

· As stated in a number of places in the current specification (25.211 section 5.3.2 and 7.6.2, 25.212 section 4.2.14.1.2), only a single CCTrCH of dedicated type is supported by current FDD specifications. While introducing additional CCTrCHs is possible in principle, in practice a significant effort is required to capture all the implications of such a change so that the specification is correctly updated.

2.3.3 Summary
The standardization effort, required by Solution 2 is significantly higher than that required by Solution 1.
2.4 UE Impact

2.4.1 Solution 1
From the physical layer point of view, the following are required (25.306):

1. decoding SRB + uncompressed RTP: at least 64 kbps UE class

2. support for 4+ simultaneous TrCHs: 64 kbps UE class supports 8

3. support for 1 CCTrCH: any UE class

4. support for 2-code DPCH reception: 768 UE class (64 kbps sufficient for 2-code DPCH & PDSCH)

Thus, judging by UE capabilities, the 768 UE class would be required. Multicode transmission is very much the bottleneck; assuming that the 2-code capability for DPCH & PDSCH can be easily adapted to 2-code capability for DPCH, then 64 kbps UE class would suffice.

The UE must be able to handle SSC transmission in parallel with PSC transmission, on the same SF.

Decoding of only a single TFCI is required.

2.4.2 Solution 2
From the physical layer point of view, the following are required (25.306):

1. decoding SRB + uncompressed RTP: at least 64 kbps UE class

2. support for 4+ simultaneous TrCHs: 64 kbps UE class supports 8
however introducing an extra CCTrCH for IMS means increasing the number of TrCHs, although not all TrCHs will be active at all times. Nevertheless, the following requirement may be relevant
support for 8+ simultaneous TrCHs: 2048 UE class needed (supports 16)

3. support for 2 CCTrCH: 64-128 kbps UE, but only when one of them is of DSCH type. Otherwise UE class 384 required.

4. support for 2-code DPCH reception: 768 UE class (64 kbps sufficient for 2-code DPCH & PDSCH)

Judging by UE capabilities, 768 kbps UE class is required. Again, 2-code DPCH is the bottleneck. However, overcoming this, the next bottleneck is CCTrCH support: 384 kbps UE is required in general. If DCH + DSCH support can be easily changed to 2x DCH CCTrCH support, then 64 kbps UE would suffice. Finally, for Solution 2, the number of TrCHs of DCH type is increased compared to Solution 1, and the total TrCH number may exceed 8 (including BCH, PCH, FACH).

The UE must be able to handle SSC transmission in parallel with PSC transmission, possibly on different SFs. Whether this represents higher complexity, compared to Solution 1, is implementation dependent.

Depending on how TFCI signalling is solved (see [3]), it may be necessary to decode two TFCIs instead of just one.

Finally, with Solution 2, an extra L2 mechanism is required on both the network and UE side to correctly route a logical channel, depending on the context. At the network side, this means demultiplexing the logical channel carrying RTP onto different DCHs, depending on whether compressed or uncompressed data is transmitted. At the UE, this means multiplexing different DCHs onto one logical channel. A similar situation occurs when transmitting SRB + SIP vs. SRB + compressed RTP + SIP. In the former case, SIP should be mapped onto a TrCH linked to CCTrCH1, and in the latter it should be mapped onto a different TrCH, liked to CCTrCH2.
2.4.3 Summary
Solution 2 has an increased UE impact, compared to solution 1.
2.5 UTRAN Impact

2.5.1 Solution 1

The following impacts have been identified:

· Addition of extra Iub signalling (power offset for SSC).

· Implementation of power offset in the Node B

· Setting of the power offset in the RNC.
· Addition of extra DPCH under SSC per VoIMS user.
2.5.2 Solution 2
The following impacts have been identified:
· Addition of extra Iub signalling (power offset for SSC).

· Implementation of power offset in the Node B

· Setting of the power offset in the RNC.
· Addition of extra CCTrCH of DCH type per VoIMS user.

· Cross-CCTrCH power offset setting to provide QoS balancing. (This is independent of the power offset due to SSC, and would be required e.g. when two CCTrCHs were present, at least one using a mixture of scrambling codes).

· A layer 2 mechanism demultiplexing logical channels onto different transport channels, as already discussed in the previous sections.
2.5.3 Summary
Solution 2 has an increased UTRAN impact, compared to solution 1.
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