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Introduction
In this paper we discuss some interpretation of the rationale of rate matching (RM) design for Rel’99 and further releases. Then we discuss whether the same rationale is still valid in the context of MBMS. 

This paper is not based on a thorough study, and the statements in the following sections need further checking. Actually, the intention is to get some feedback from RAN1, and especially from companies which designed the RM and 2nd interleaving during release 99 specification whether the rationale they had at that time is still valid.

Rationale of RM in Rel’99

One of the guiding principle in designing RM for Rel’99 was in our understanding to minimise the Peak to Average Power Ratio (PAPR).

In the uplink direction, this translated to the use of dynamic rate matching. As a matter of fact, semi-static rate-matching implies the insertion of DTX bits when the bit rate is not at maximum, which severely degrades the PAPR in that case.

In the downlink direction, rate matching was designed to be semi-static instead. One of the reasons for that is that dynamic rate matching may not provide equally spaced puncturing in the case of a varying TFC. Actually it is almost unavoidable that in some cases two consecutive bits are punctured. This sub-optimal puncturing was acceptable for the uplink, as the optimisation of PAPR was crucially more important because of the UE power amplifier limitations. In the downlink, one may think that PAPR optimisation was less important because the PA backoff is already so big, and that it was deemed more important to always have optimally spaced puncturing. But in fact, paradoxical as it may seem, semi-static RM does not degrade PAPR in the DL, but optimises instead, therefore this was another argument in favor of semi-static rate-matching. The reason for this paradox, is that in the DL, contrary to the uplink, there are many code channels multiplexed together. The use of DTX inherently removes some of the code-multiplexing effects, and changes them into time multiplexing effects. In a nutshell while some of the code channels are DTXed, other are transmitting, which amounts to some time multiplexing. 

Code-multiplexing is not PAPR friendly. This can be understood by some simple reasoning : if for instance you have N code channels with amplitude gains G1, G2, …, GN, the peak power would be something like 
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, whereas the average power would be something like 
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, so the PAPR is 
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, which is increasing with N, the number of users, for instance when 
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, then PAPR = N. 

This is the reason why time multiplexing reduces the PAPR. This may be working even better with semi-static RM because the 2nd interleaver has 30 columns, that is to say twice the number of slots, so the DTX pattern is similar for all the code channels. Because of this correlation in the DTX patterns, time shifting code channels one with another, with equally distributed time shifts, provides an efficient reduction of the number of simultaneously transmitting codes channels, and therefore improves the PAPR. 

When the OHG group decided that chip rate was to decreased from 4.096 Mcps to 3.84 Mcps, the number of slots was changed from 16 to 15. Subsequently the second interleaver was changed from 32 columns to 30 column. One interpretation for this change would be to avoid interleaver pruning, as 30 column is a divisor of the number of bits in the frame when there are 15 slots. However, the complexity overhead of pruning the 2nd interleaver is very small, and anyhow this interleaver has to be prunable for UE needing DL compressed mode. So another interpretation is that this change occurred for some PAPR optimisation reasons.

The situation with MBMS

In the case of MBMS transmission, it is acknowledged that the cell will be rather power limited than code limited. We may be going to end up with one big S-CCPCH carrying the MBMS data, and taking a significant part of the BTS transmit power. This is going to be all the more true if the 256kbps is accepted as the UE MBMS minimum capability. 

So the assumption that there are many code channels time shifted one with another may be no longer valid here. This kind of scenario seems quite different to the assumption which we interpreted as being the driving principles of RM design in release 99, and as enabling to smooth down the PAPR by semi-static RM.

The result is that in the case that the MBMS traffic is at a varying bit rate, with intermediate bit rates between ON and OFF, then, if the reasoning of the previous section is correct, the PAPR would be degraded compared to a RM scheme with dynamical RM. 

In addition to the PAPR issue, this situation would also generate a slot periodical interference variation which the 2nd interleaver may not deinterleave ideally, as such a situation was not supposed to happen when this interleaver was designed, and thus all the DL transport channels would not be impacted the same way, which may disturb the outer loop power control if it relies only on some of the transport channels.

These problems would be raised if the MBMS scheduling implies some dynamic change on a TTI per TTI basis. If the MBMS is rather constant bit rate on a session by session basis, then the S-CCPCH could be reconfigured for each session in order to be tailored to the needed bit rate, which would remove the need for dynamically inserting DTX.

One of the reason, however, for having an MBMS bit rate variable on a TTI per TTI basis, is that it would allow such optimisation as coupling of the HSDPA scheduler and the MBMS scheduler, with delaying some of the broadcast when needed by the HSDPA traffic.

Conclusion and questions

In this discussion paper we have presented an interpretation of the rationale for designing RM in release 99. We would like to check from RAN1 the following :

· Does RAN1 agrees with the rationale for RM design in DL that we presented in this paper ?

· If yes, does RAN1 agrees that the assumption under this rationale may be no longer valid in the context of MBMS with a dynamically varying bit rate ?

· If yes, does RAN1, consider the scenario of MBMS dynamically varying bit rate as a realistic MBMS deployment scenario, especially when MBMS is in co-existence with other higher priority channels ?
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