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Introduction

This contribution (modified from 2g00-087) examines several potential capacity-enhancing features for R2001.  Specifically, this contribution will examine:

· Dynamic Channel Allocation (DCA)

· Downlink-only Scenario 3 Multiplexing

· Downlink-only Statistical Multiplexing (Scenario 4)

· Downlink-only Rate Switching

· Full Statistical Multiplexing (Scenario 4)

These features all depend (to varying degrees) on the following three capabilities:

· Frequent and comprehensive channel quality measurements,

· Fast channel reassignment procedures with minimum impact on speech quality, and

· Unidirectional channel allocation.

A companion contribution also discusses the potential benefits of Space-Time Coding for GERAN R2001 [GP-000120].

Dynamic Channel Allocation (DCA)

DCA is clearly a candidate for R2001 because of the capacity advantages seen in various simulation studies.

DCA requires frequent and comprehensive channel quality measurements.  The degree to which existing measurements may need to be bolstered to support DCS is FFS.

DCA in a mobile environment requires frequent channel switching (approximately every few seconds) to maintain any capacity advantage over simple random channel assignment.   The existing FACCH mechanism is inadequate for this purpose, since speech frame stealing directly impacts speech quality.  To maintain reasonable speech quality while doing frequent channel switching, GERAN would need to introduce fast channel reassignment procedures such as those in the Lucent Statistical Multiplexing proposal for GERAN.  These fast channel reassignment procedures would either need to significantly reduce their impact on the traffic channel (and thus on speech quality) or be implemented on common control channels so as to completely eliminate their impact on speech.  

Current simulation results for DCA on channels using cyclic frequency hopping indicate that unidirectional channel allocation provides only a very small improvement in capacity over bidirectional channel allocation [2g00-086].  Unidirectional channels may provide more gains using other DCA algorithms or with random frequency hopping.

Note that DCA is compatible with and may be deployed concurrent with all of the other features described in this contribution.

Downlink-only Scenario 3 Multiplexing

Given the difficulty of performing uplink scenario 3 multiplexing, and the much greater relative importance of the downlink channels for data services, it is natural to consider downlink-only scenario 3 multiplexing as an alternative for R2001.  

Scenario 3 multiplexing requires comprehensive channel quality measurements under interference-limited operation. The degree to which existing measurements may need to be bolstered to support this is FFS.

Fast channel reassignment capability is not necessary for downlink-only scenario 3 multiplexing.

When performing scenario 3 multiplexing, the voice users may all use bidirectional channels.  However, the data users must have uplink channels available for ack/nack signaling that do not pair up with the available downlink channels.  To efficiently utilize the downlink data capacity available with scenario 3 multiplexing, GERAN must assign the uplink and downlink channels independently for the data users. 

Note that downlink-only scenario 3 multiplexing is compatible with and may be deployed concurrent with DCA.

Downlink-only Statistical Multiplexing (Scenario 4)

Since uplink statistical multiplexing requires both fast access and fast reassignment capabilities, and since the downlink capacity has much greater relative importance for data services, it is natural to consider the feasibility of downlink-only statistical multiplexing for R2001.

Statistical multiplexing requires comprehensive channel quality measurements under interference-limited operation.  The degree to which existing measurements may need to be bolstered to support this is FFS.

As for DCA, fast channel reassignment capability is necessary for downlink-only statistical multiplexing to switch in a downlink traffic channel at the beginning of every downlink talk spurt.  The fast channel reassignment procedures in the Lucent Statistical Multiplexing proposal are appropriate for this application.

Downlink statistical multiplexing clearly requires unidirectional channels for all voice and data users.

Note that downlink-only statistical multiplexing is compatible with and may be deployed concurrent with DCA, rate switching, and full statistical multiplexing.

Downlink-only Rate Switching

It has been proposed that R2001 support rate switching for speech users to increase system capacity.  Rate switching involves switching a traffic channel between full-rate, half-rate and possibly quarter-rate modes according to the current channel quality conditions.  If conditions allow operation at a reduced rate, more air interface resource is potentially freed up to support either more data or voice users.

There are, however, important reasons to consider the applicability of rate switching to the uplink and downlink separately.  The following table captures, in very simplified terms, the relative impact on transmitter power of different speech rates on the uplink under C/I power control. 


Additional C/I required for same speech quality relative to a full-rate channel
Difference in  transmitter power relative to a full rate channel 
Difference in transmitter power under ideal C/I power control relative to a full-rate channel

Full-rate
0 dB
0 dB
0 dB

Half-rate
+5 dB to +7.5 dB
-3 dB
+2 dB to +4.5 dB

Quarter-rate
~+16.5 dB
-6 dB
~+10.5 dB

Based on previous results from Nokia and Lucent, the first column captures the approximate difference in C/I requirement to achieve the same speech quality with the same vocoder rate using different traffic channel rates.  The second column captures the relative transmitter power without power control.  For example, when speech is transmitted over a half-rate channel, since the mobile needs to stay on during half of the blocks, the equivalent power consumption is 3 dB lower than using a full-rate channel.  The third column lists the relative transmitter power with ideal C/I power control, which is the sum of the first two columns.  Under ideal C/I power control, a mobile can choose to power down in order to satisfy the C/I requirement for a higher rate channel, or to transmit with the same power and therefore stay on a lower rate channel.  From this table it shows that there is strong reason on the uplink to always use full-rate channels, since this minimizes mobile transmitter power and battery consumption.

Due to the asymmetric nature of data applications, downlink capacity is more limited than the uplink capacity.  Therefore, there is strong reason to consider rate switching only on the downlink.  Power consumption at the transmitter is not an issue for the downlink.

Downlink-only rate switching requires comprehensive channel quality measurements.  The degree to which existing measurements may need to be bolstered to support this is FFS.

As for DCA, fast channel reassignment capability is necessary for downlink-only rate switching to switch between rates as necessary to maintain speech quality.  The fast channel reassignment procedures in the Lucent Statistical Multiplexing proposal are appropriate for this application.

Note that there are two methods of fast channel reassignment appropriate for downlink-only rate switching.  In the first method, the speech users use bidirectional channels, and only the downlink changes channel rate as necessary, on the same physical sub-channel.  The challenge is to use the remaining capacity in the downlink for data users.  We see no straightforward way to accomplish this, although if it can be done, any data users multiplexed on the remaining half-rate or three-quarters-rate channels will need to have unidirectional channel capability to perform ack/nack signaling on the uplink.  

The second method of fast channel reassignment for downlink-only rate switching requires unidirectional channels for voice users and may or may not use them for data users.  With this method, quarter-rate and half-rate downlink channels are grouped/packed with other similar users onto available downlink slots independently from the uplink channels.  Thus voice users use a pool of available downlink channels with a mix of full-rate, half-rate and quarter-rate channels, and a pool of available uplink full-rate channels.  Since the downlink voice channel pool is smaller than the uplink channel pool, more channels are freed up for data only operation.  This contribution refers to this pooling of unidirectional channels for voice and data users as Scenario 5 multiplexing.  See Appendix A for a method of estimating the extra capacity available for data users with this scenario.

Note that downlink-only rate switching is fully compatible with and may be deployed concurrent with DCA, downlink-only statistical multiplexing, and full statistical multiplexing.  The capabilities needed to allow downlink-only rate switching are sufficient to allow downlink-only statistical multiplexing, and vice-versa.

Full Statistical Multiplexing (Scenario 4)

In addition to those capabilities required to support downlink-only statistical multiplexing, full statistical multiplexing requires a fast access capability integrated with fast channel reassignment.  As long as unidirectional channels and fast channel reassignment procedures are made available in R2001, full statistical multiplexing could be introduced in that release or a future release in a backward compatible manner.

Note that full statistical multiplexing is compatible with and may be deployed concurrent with DCA, rate switching, and downlink-only statistical multiplexing.  

Conclusions

The following table summarizes the capabilities needed to support these candidate R2001 features.


Channel quality measurements
Fast channel reassignment
Unidirectional channel allocation
Fast access

Dynamic Channel Allocation
Enhancements probably needed
New procedures required
Not required
Not required

Downlink-only Scenario 3 Multiplexing
Enhancements probably needed
Not required
Required
Not required

Downlink-only Statistical Multiplexing
Enhancements probably needed
New procedures required
Required
Not required

Downlink-only Rate Switching
Enhancements probably needed
New procedures required
Required
Not required

Full Statistical Multiplexing
Enhancements probably needed
New procedures required
Required
Required

Note that provision of several core capabilities (enhanced channel quality measurements, fast channel reassignment, and unidirection channel allocation) enables four of the five capacity-enhancing features discussed in this document.  Incorporation of these core capabilities in GERAN R2001 will enable significant new flexibility to configure new systems with increased capacity to support integrated voice/data services.

Since only full statistical multiplexing requires the fast access capability (not to be confused with the current discussion on improvements to the PRACH and RACH procedures), this capability should be considered to have a lower priority for inclusion in GERAN R2001.

Appendix A

How much additional data traffic can a Scenario 5 voice system support?

Consider a system supporting voice traffic in which half-rate and quarter-rate speech are allowed when C/I condition permits and the “left-over” bandwidth is used to support additional data traffic (i.e. Scenario 5).  The amount of additional data traffic such a system can support, without degrading the speech quality of the existing voice users, is approximately 30% to 40% of the traffic an all-data EGPRS carrier with 1/3 re-use can support, assuming  received-signal-strength based power control or no power control on the downlink.

Calculations:

Let 
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denote the pdf of the C/I distribution of a particular system under consideration with a loading .  Let r( denote the data rate (the link adaptation curve) when the C/I value is Then the mean data rate R the data users experience can be calculated as
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 Note that this calculation for R  has been normalized by the transmission rate i.e. the lower the rate a user experiences, the longer it would take for the user to finish the transmission.).  Let a1 and a2 denote the thresholds to switch from full-rate to half-rate and from half-rate to quarter-rate, respectively, i.e.
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If the “left-over” bandwidth can be used for data users, the average data rate of the data users R’ can be calculated as 
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Then the ratio between the amount data traffic “Scenario 5” can support and that a full EGPRS carrier can support is 
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, where  and ’ are the loading of an EGPRS data system and a Scenario 5 mixed voice/data system, respectively.  With  and ’ both set to be 35%, using a typical C/I distribution from a 1/3 reuse with 35% loading as f and a typical link adaptation rate curve as r, we have 
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 is approximately 0.3.  

_1026829934.unknown

_1026830598.unknown

_1026832235.unknown

_1026830610.unknown

_1026829992.unknown

_1026829907.unknown

_1026829201.unknown

