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Indication of multislot capabilities of downlink dual carrier mobiles

1. Introduction

Downlink dual carrier transmission was agreed as a work item at GERAN#28 and is expected to be part of Rel-7 GERAN. With the additional capabilities of the dual carrier mobiles, there needs to be support for new multislot classes [2] for the mobiles. The support of the new multislot classes has to be indicated by the MS in the Classmark 3 and MS RAC [3]. A way to use as few bits as possible to indicate as many possible combinations of the multislot classes while still conveying the capabilities of the downlink dual carrier MS to the network is highlighted in this contribution. 

2. Architecture of downlink dual carrier MS

A downlink dual carrier MS is expected to be capable of receiving on two downlink carriers simultaneously. It can also be assumed that the MS is capable of monitoring neighbour cell signal strength parallel to reception of data whenever possible. The RF architecture assumed for such an MS looks as shown in Figure 1, taken from [1]. It is expected that the baseband module of the MS is a single unit common for both RF receive chains. This has the implication that the baseband processing power at the MS side could now become a bottleneck for the total number of receivable time slots. Neighbour cell monitoring on the other hand is expected to take very little baseband processing power.  It is assumed that either of the local oscillators is capable of switching to transmit mode when necessary. 
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Figure 1: RF architecture for downlink dual carrier MS

Note: Two RF modules do not necessarily mean two RX antennas.

3. Simple extension of single carrier multislot classes

A dual carrier mobile will still need to indicate its multislot class capability when operating as a single carrier mobile, as it could be in a network that does not support dual carrier (e.g. a network of Release 6 or earlier). In fact, it may need to indicate several multislot classes depending of the features supported by the MS (e.g. DTM, higher multislot classes, etc.).

One straightforward option to encode the multislot capabilities of a MS that supports downlink dual carrier is to simply double its downlink multislot capabilities. The advantage of this solution is that it needs just a single bit in the Classmark 3 / MS RAC (indicating downlink dual carrier capability of the MS) which make this solution very attractive. 

For dual carrier, it is proposed not to define new multislot classes, but to derive the multislot capabilities from the (single carrier) multislot class of the mobile station which is defined as [2]:

Multislot class: RX + TX = Sum
If RXtot is the total number of timeslots allowed on both downlink carriers, then RXtot = 2·RX; the maximum number of transmit slots allowed is unchanged, and equal to TX; and the total number of uplink and downlink timeslots that can be used per TDMA frame is (2·Sum – 1).
For any mobile of a given multislot class, the extension from the multislot class for single carrier to the new dual carrier multislot capabilities is thus straightforward. Let’s consider, for instance, a mobile that, as a single carrier terminal, is of multislot class 12 (i.e. a mobile that can receive on up to 4 timeslots and transmit on up to 4 timeslots, with the restriction that the sum of the assigned receive and transmit timeslots should not exceed 5). If the mobile is capable of dual carrier reception, then it would be capable of receiving on as many as 4 downlink timeslots on each carrier and transmitting on as many as 4 uplink timeslots on a given carrier, subject to the restriction that the total number of used timeslots in uplink and downlink shall not exceed 9 in this case. It should be noted that the restriction that the sum of the total number of timeslots on any downlink carrier and the uplink carrier shall never exceed 5 – as per the normal single carrier multislot class restriction for Class 12 mobile – shall also apply.
This example is shown in Figure 2. Note that in the figure the uplink carrier (shown as f1’ in Figure 2) is assumed to be paired with downlink carrier f1. This implies that the same local oscillator used for receiving on carrier f1 in downlink would be reused for transmission on the uplink. Hence, the local oscillator used to receive f2 is used for neighbour cell monitoring since it then has more time for switching.

Since all the above restrictions can be deduced just from the knowledge that the mobile station is dual carrier capable in the downlink, this needs just one indication in the Classmark 3 / MSRAC of the mobile station – which could be done using one bit.
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Figure 2: one possible configuration for downlink dual carrier multislot class 12 MS

Note: The same legend as in Figure 2 is used for all subsequent timeslot diagrams in this contribution

Whilst such a simple extension of multislot classes by using a single signalling bit is attractive, it clearly does not cover many possible cases. For instance, the case shown in Figure 3 cannot be indicated by such a scheme. In fact, any combination where RXtot < 2·RX is not covered by the simple extension scheme highlighted above.
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Figure 3: Case not covered by simple extension of multislot classes

The question is whether it would be useful to indicate such asymmetric arrangements as shown in Figure 3. From the RF perspective there is no reason why the MS could receive up to a certain number of timeslots on one carrier while not on the other. However, the restrictions could come from the total available baseband capability of the MS. Hence it turns out that a simple extension of the multislot classes using a single bit the classmark may not be sufficient to cover all the cases of the MS capabilities. 

It could be noted that for each multislot arrangement, encoding all possible combinations depending on the baseband capabilities of the MS would lead to a very large number of different multislot classes and this makes it extremely difficult for coding the capability as it would need a large number of bits in the Classmark to indicate the correct capability of the MS explicitly.

4. Differential indication of MS capabilities

To overcome the issues highlighted, it is proposed to use, in addition to the downlink dual carrier indication, an additional indication of the possible reduction of the capabilities of the MS. This could be done simply by indicating the number of timeslots that the maximum downlink dual carrier capability – which is double the single carrier capability – should be reduced by. For instance, the MS shown in Figure 3 could be understood as a class 12 MS capable of dual carrier with a reduction of one timeslot because of other restrictions – for instance baseband processing power. 

The maximum reduction in the number of timeslots due to such restrictions could range from 0 – meaning no restrictions – to 7. This could be done using a 3-bit field to indicate this reduction in number of possible receive timeslots due to various other restrictions.

It should be noted that this reduction should be intended per assignment: for example, in the case of Figure 3, the network could assign 4 timeslots on carrier f1 and 3 timeslots on carrier f2, and still satisfy the multislot class capabilities of the mobile. As a further example, let’s consider the case where the MS is of class 12 and the required reduction is of 3 timeslots; in this case, the network could assign 4 downlink timeslots on f1 and 1 on f2, or 3 downlink timeslots on f1 and 2 on f2, or 2 downlink timeslots on f1 and 3 on f2 or 1 downlink timeslots on f1 and 4 on f2.

5. Neighbour cell monitoring

In Figure 3 a possible multislot configuration for a class 12 dual carrier MS is shown, with one RX timeslot reduced from the maximum dual carrier capability due to additional restrictions – most likely because of limited baseband processing power. However, it is expected that receiving and decoding data on a given timeslot takes significant baseband processing, whereas neighbour cell monitoring is not computationally intensive. Hence, the configuration shown in Figure 3 could be modified as shown in Figure 4, where the neighbour cell monitoring is performed in parallel to data reception. In this case, instead of Tra and Ttb, it could be possible to apply Trb and Ttb. However the network may exploit this additional possibility to have more flexibility in resource allocation. Additionally the mobile may transmit also on TS 3, thus transmitting on two timeslots. Note that this will break the rule stated above (that the sum of the total number of timeslots on any downlink carrier and the uplink carrier shall never exceed 5 for a class 12 mobile); however, this rule could apply only when neighbour cell monitoring is done during the switching times and it should be noted that on the uplink carrier (f1’) and its corresponding downlink carrier (f1), this restriction is still valid. 

It should be noted that this additional possibility need not be explicitly indicated since this could be deduced from the capabilities already indicated by the MS (as highlighted in the sections above).
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Figure 4: Class 12 down link dual carrier MS with neighbour cell monitoring parallel to reception

6. Conclusion

A simple way of indicating the multislot capabilities of a dual carrier MS is proposed. The advantages of the proposed solution are:

· Very few bits are needed in the Classmark 3 / MS RAC – only 4 additional bits needed.

· Reuses all the optimizations already done in coding the existing multislot classes because of the simple extension of existing multislot class indication as shown in section 3.

· The solution is future proof in the sense that if an uplink enhancement like dual carrier on uplink is standardized in future, the same technique could be used to code all the uplink multislot classes (by adding one bit to signal support for dual carrier in the uplink and a 3 bit field to indicate the reduction in number of timeslots in uplink from maximum dual carrier uplink capability). 

A possible example for the encoding of the proposal in TS 24.008 is given in the Appendix.
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Appendix

	<Classmark 3 Value part> ::=


< spare bit >


{
< Multiband supported : { 000 } >




< A5 bits > 


|
< Multiband supported : { 101 | 110 } > 




< A5 bits >




< Associated Radio Capability 2 : bit(4) >




< Associated Radio Capability 1 : bit(4) >


|
< Multiband supported : { 001 | 010 | 100 } > 




< A5 bits >




< spare bit >(4)




< Associated Radio Capability 1 : bit(4) > }


{ 0 | 1 < R Support > }


{ 0 | 1 < HSCSD Multi Slot Capability > }


< UCS2 treatment: bit >


< Extended Measurement Capability : bit >


{ 0 | 1 < MS measurement capability > }


{ 0 | 1 < MS Positioning Method Capability > }


{ 0 | 1 < ECSD Multi Slot Capability > }


{ 0 | 1 < 8-PSK Struct > }


{ 0 | 1 < GSM 400 Bands Supported : { 01 | 10 | 11 } >




< GSM 400 Associated Radio Capability: bit(4) > }


{ 0 | 1 <GSM 850 Associated Radio Capability : bit(4) > }


{ 0 | 1 <GSM 1900 Associated Radio Capability : bit(4) > }


< UMTS FDD Radio Access Technology Capability : bit >


< UMTS 3.84 Mcps TDD Radio Access Technology Capability : bit >


< CDMA 2000 Radio Access Technology Capability : bit >


{ 0 | 1
< DTM GPRS Multi Slot Class : bit(2) >




< Single Slot DTM : bit >




{0 | 1< DTM EGPRS Multi Slot Class : bit(2) > } } 


{ 0 | 1 < Single Band Support > } 


-- Release 4 starts here:

{ 0 | 1 <GSM 750 Associated Radio Capability : bit(4)>}


< UMTS 1.28 Mcps TDD Radio Access Technology Capability : bit >


< GERAN Feature Package 1 : bit >


{ 0 | 1 < Extended DTM GPRS Multi Slot Class : bit(2) >




< Extended DTM EGPRS Multi Slot Class : bit(2) > }


{ 0 | 1 < High Multislot Capability : bit(2) > }

---Release 5 starts here.

{ 0 | 1 < GERAN Iu Mode Capabilities > }
-- ‘1’ also means support of GERAN Iu mode

< GERAN Feature Package 2 : bit >


< GMSK Multislot Power Profile : bit (2) >


< 8-PSK Multislot Power Profile : bit (2) >


{ 0 | 1 < T-GSM 400 Bands Supported : { 01 | 10 | 11 } >

-- Release 6 starts here.



< T-GSM 400 Associated Radio Capability: bit(4) > }


{ 0 | 1 < T-GSM 900 Associated Radio Capability: bit(4) > }


< Downlink Advanced Receiver Performance : bit (2)>


< DTM Enhancements Capability : bit >


{ 0 | 1
< DTM GPRS High Multi Slot Class : bit(3) >




< Offset required : bit>




{ 0 | 1 < DTM EGPRS High Multi Slot Class : bit(3) > } }


< Repeated SACCH Capability: bit >

{ 0 | 1 <GSM 710 Associated Radio Capability : bit(4)>} 

-- Release 7 starts here.

{ 0 | 1 <T-GSM 810 Associated Radio Capability : bit(4)>}


{ 0 | 1 < Multislot Capability Reduction for Downlink Dual Carrier : bit (3) > }   -- ‘1’ also means that the mobile station supports dual carrier in downlink

< spare bits > ;

< A5 bits > ::= 


< A5/7 : bit > < A5/6 : bit > < A5/5 : bit > < A5/4 : bit >  ;

<R Support>::=


< R-GSM band Associated Radio Capability : bit(3) > ;

< HSCSD Multi Slot Capability > ::=


< HSCSD Multi Slot Class : bit(5) >  ;

< MS Measurement capability > ::=


< SMS_VALUE : bit (4) >


< SM_VALUE : bit (4) > ;

< MS Positioning Method Capability > ::=


< MS Positioning Method : bit(5) > ;

< ECSD Multi Slot Capability > ::=


< ECSD Multi Slot Class : bit(5) > ;

 < 8-PSK Struct> : :=


< Modulation Capability : bit >


{ 0 | 1 < 8-PSK RF Power Capability 1: bit(2) > }


{ 0 | 1 < 8-PSK RF Power Capability 2: bit(2) > }

< Single Band Support > ::=


< GSM Band : bit (4) > ;

< GERAN Iu Mode Capabilities > ::=


< Length : bit (4) >

-- length in bits of Iu mode only capabilities and spare bits

-- Additions in release 6

< FLO Iu Capability : bit >


<spare bits>** ; 

-- expands to the indicated length







-- may be used for future enhancements


Figure 10.5.7/3GPP TS 24.008 Mobile Station Classmark 3 information element

where:

Multislot Capability Reduction for Downlink Dual Carrier (3 bit field)

This field indicates the total number of timeslots that should be deducted from twice the downlink multislot capability of a mobilestation in single carrier mode, to give the maximum number of downlink timeslots that can be supported in dual carrier mode. This field shall be included only if the mobile station supports dual carrier in the downlink.


Bits

3 2 1

0 0 0
No reduction necessary – The MS supports twice as many timeslots as in single carrier mode

0 0 1
The MS supports 1 timeslot less than two times the single carrier capability in the downlink

0 1 0
The MS supports 2 timeslots less than two times the single carrier capability in the downlink

0 1 1
The MS supports 3 timeslots less than two times the single carrier capability in the downlink

1 0 0
The MS supports 4 timeslots less than two times the single carrier capability in the downlink

1 0 1
The MS supports 5 timeslots less than two times the single carrier capability in the downlink

1 1 0
The MS supports 6 timeslots less than two times the single carrier capability in the downlink

1 1 1
The MS supports 7 timeslots less than two times the single carrier capability in the downlink

Table 10.5.146/3GPP TS 24.008: Mobile Station Radio Access Capability Information Element

<MS RA capability value part : < MS RA capability value part struct >>

<spare bits>**; -- may be used for future enhancements

<MS RA capability value part struct >::=  --recursive structure allows any number of Access technologies

{
{
< Access Technology Type: bit (4) > exclude 1111



< Access capabilities : <Access capabilities struct> > }


 | 
{
< Access Technology Type: bit (4) == 1111 >
-- structure adding Access technologies with same capabilities



< Length : bit (7) > 

-- length in bits of list of Additional access technologies and spare bits



{ 1 < Additional access technologies: < Additional access technologies struct > > } ** 0



<spare bits>** } }


{ 0 | 1 <MS RA capability  value part struct> } ;

< Additional access technologies struct > ::=


< Access Technology Type : bit (4) >


< GMSK Power Class : bit (3) >


< 8PSK Power Class : bit (2) > ;
< Access capabilities struct > ::=


< Length : bit (7) > -- length in bits of Content and spare bits


<Access capabilities : <Content>> 


<spare bits>** ; -- expands to the indicated length




  -- may be used for future enhancements

< Content > ::=


< RF Power Capability : bit (3) >

{ 0 | 1 <A5 bits : <A5 bits> > } 
-- zero means that the same values apply for parameters as in the immediately preceding Access capabilities field within this IE

< ES IND : bit >

< PS : bit >


< VGCS : bit >


< VBS : bit >


{ 0 | 1 < Multislot capability : Multislot capability struct > } -- zero means that the same values for multislot parameters as given in an earlier Access capabilities field within this IE apply also here

-- Additions in release 99

{ 0 | 1 < 8PSK Power Capability : bit(2) >} -- '1' also means 8PSK modulation capability in uplink.


< COMPACT Interference Measurement Capability : bit >

< Revision Level Indicator : bit >


< UMTS FDD Radio Access Technology Capability : bit > 



-- 3G RAT

< UMTS 3.84 Mcps TDD Radio Access Technology Capability : bit > 
-- 3G RAT

< CDMA 2000 Radio Access Technology Capability : bit > 



-- 3G RAT

-- Additions in release 4

< UMTS 1.28 Mcps TDD Radio Access Technology Capability: bit >
-- 3G RAT


< GERAN Feature Package 1 : bit >


{ 0 | 1 < Extended DTM GPRS Multi Slot Class : bit(2) >




< Extended DTM EGPRS Multi Slot Class : bit(2) > }


< Modulation based multislot class support : bit >

-- Additions in release 5


{ 0 | 1 < High Multislot Capability : bit(2) > }


{ 0 | 1 < GERAN Iu Mode Capabilities > } 
-- '1' also means support of GERAN Iu mode
< GMSK Multislot Power Profile : bit (2) >


< 8-PSK Multislot Power Profile : bit (2) > 

-- Additions in release 6


< Multiple TBF Capability : bit >


< Downlink Advanced Receiver Performance : bit(2) >


< Extended RLC/MAC Control Message Segmentation Capability : bit >


< DTM Enhancements Capability : bit >

{ 0 | 1
< DTM GPRS High Multi Slot Class : bit(3) >




{ 0 | 1 < DTM EGPRS High Multi Slot Class : bit(3) > } }


< PS Handover Capability : bit >

-- Additions in release 7


< DTM Handover Capability : bit >;

{ 0 | 1 < Multislot Capability Reduction for Downlink Dual Carrier: bit (3) > }   -- ‘1’ also means that the mobile station supports dual carrier in downlink

-- error: struct too short, assume features do not exist



-- error: struct too long, ignore data and jump to next Access technology

where the “Multislot Capability Reduction for Downlink Dual Carrier” information element would be encoded as described for the Classmark 3.

































































































