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On multislot capability parameters applicable to EFTA
1 Introduction

The aim of this discussion paper is to report a few restrictions or shortcomings that have been identified regarding the applicability of the multislot capability parameters for EFTA in the current specification (see [1]).
2 Non support of Tx=5 capability with alternative EFTA multislot classes 19-29
It can be observed that none of the multislot classes 19-29 that can be indicated as alternative EFTA multislot classes supports a capability of Tx=5 uplink slots (the only values supported are Tx= 2, 3, 4, 6 and 8 - see Table 1: Excerpt from 3GPP TS 45.002 Table B.1 - multislot capabilities).
On the other hand, devices of high multislot classes (30-45) - typically classes 34, 39 and 44 - have the native capability of supporting Tx=5 uplink slots.
Table 1: Excerpt from 3GPP TS 45.002 Table B.1 - multislot capabilities
	Multislot class
	Maximum number of slots
	Minimum number of slots
	Type

	
	Rx
	Tx
	Sum
	Tta
	Ttb
	Tra
	Trb
	

	…

	19
	6
	2
	NA
	3
	b)
	2
	c)
	1

	20
	6
	3
	NA
	3
	b)
	2
	c)
	1

	21
	6
	4
	NA
	3
	b)
	2
	c)
	1

	22
	6
	4
	NA
	2
	b)
	2
	c)
	1

	23
	6
	6
	NA
	2
	b)
	2
	c)
	1

	24
	8
	2
	NA
	3
	b)
	2
	c)
	1

	25
	8
	3
	NA
	3
	b)
	2
	c)
	1

	26
	8
	4
	NA
	3
	b)
	2
	c)
	1

	27
	8
	4
	NA
	2
	b)
	2
	c)
	1

	28
	8
	6
	NA
	2
	b)
	2
	c)
	1

	29
	8
	8
	NA
	2
	b)
	2
	c)
	1

	30
	5
	1
	6
	2
	1
	1
	1
	1

	31
	5
	2
	6
	2
	1
	1
	1
	1

	32
	5
	3
	6
	2
	1
	1
	1
	1

	33
	5
	4
	6
	2
	1
	1
	1
	1

	34
	5
	5
	6
	2
	1
	1
	1
	1

	35
	5
	1
	6
	2
	1-to (*)
	1+to
	1
	1

	36
	5
	2
	6
	2
	1-to (*)
	1+to
	1
	1

	37
	5
	3
	6
	2
	1-to (*)
	1+to
	1
	1

	38
	5
	4
	6
	2
	1-to (*)
	1+to
	1
	1

	39
	5
	5
	6
	2
	1-to (*)
	1+to
	1
	1

	40
	6
	1
	7
	1-to (*)
	1
	1
	to
	1

	41
	6
	2
	7
	1-to (*)
	1
	1
	to
	1

	42
	6
	3
	7
	1-to (*)
	1
	1
	to
	1

	43
	6
	4
	7
	1-to (*)
	1
	1
	to
	1

	44
	6
	5
	7
	1-to (*)
	1
	1
	to
	1

	45
	6
	6
	7
	1-to (*)
	1
	1
	to
	1


(*) The value '1' in the current specification should be minored by 'to' so as to ensure that Sum + Ttb + Tra = 8 and Sum + Tta + Trb = 8. TS 45.002 should be corrected accordingly.
It is specified in TS 45.002 Annex B.5 that, if the support of an alternative EFTA multislot class is indicated by the mobile station, Rx and Tx values from the indicated alternative multislot class always apply.
This unhappily causes a restriction for such EFTA capable mobile stations of multislot classes 34, 39 and 44 that would support an alternative EFTA multislot class for increasing their downlink capability to Rx=6 or Rx=8 downlink timeslots, in that they would have concurrently to fallback to a lower uplink capability for EFTA, typically Tx=4, e.g. by signalling an alternative EFTA multislot class 27 (being assumed that such devices are not capable of transmitting on Tx=6 timeslots).
This restriction would therefore significantly limit the support of EFTA for the considered multislot classes.

Note: incidentally, if it is believed that the support of up to 8 downlink slots with EFTA is an essential enhancement, using alternative EFTA multislot classes for signalling higher uplink timeslots capabilities has no substantial value added, as configurations of up to 6 uplink timeslots are already supported with existing high multislot classes, while configurations of more than 6 uplink timeslots are not supported with existing EDA mechanisms due to conflicts between reading the USFs and transmitting (such configurations were formerly possible with some of multislot classes 19-29 operating in half duplex mode with fixed allocation - see e.g. 3GPP TS 44.060 in Release 4).
Other note: looking at Table 1, one could notice that Rx=7 is not a capability supported by multislot classes 19-29 (devices that would be capable of Rx=7 downlink slots have to restrict their capability to Rx=6 downlink slots).
3 Definition of the Sum parameter for EFTA
TS 45.002 Annex B.5 specifies:
The multislot capability parameter Sum shall be set to NA, since it is never applicable to EFTA operation.

The parameter Sum has not been specified for multislot classes (19-29), as mobile stations operating in a half duplex mode would only be either receiving or transmitting, not both, within a given TDMA frame. This should be the case too for EFTA where a mobile station having signalled an alternative multislot class is operating in half duplex (e.g. not transmitting).

However, Sum is applicable for EFTA in situations when the mobile station is both receiving and transmitting in a given radio block period (or within a given TDMA frame) according to its signalled multislot class.

Sum is a reference capability required by the mobile station of a given multislot class for switching between receive and transmit periods and performing relevant adjacent cell measurements during any given TDMA frame (i.e., the available time is 8 - Sum). It is indeed understood that the network might exceed this specified Sum value for assignments (allocations) subject to FTA (EFTA) operation as per TS 45.002 Section 6.4.2.2.

4 Usage of "half duplex" Tr'x' and Tt'x' switching times
TS 45.002 Annex B.5 specifies that, for EFTA, Tr'x' and Tt'x' (x=a, b) switching times values of multislot classes 19-29, or, when indicated, of the alternative EFTA multislot class (which is also one of multislot classes 19-29), may apply instead of the corresponding values of the signalled multislot class (30-45). The following inheritance rules are specified:
If the signalled multislot-class is 30-39, the multislot capability parameters shall be derived as follows:

· If no Alternative EFTA multislot class is given then Rx, Tx, Tta and Tra of the signalled multislot class shall apply whereas Ttb and Trb of multislot classes 19-29 shall apply.

· If an Alternative EFTA multislot class is given then Tta and Tra of the signalled multislot class shall apply whereas Rx, Tx, Ttb and Trb of the Alternative EFTA multislot class shall apply.

If the signalled multislot-class is 40-45, the multislot capability parameters shall be derived as follows:

· If no Alternative EFTA multislot class is given then Rx, Tx, Tta, Trb and Tra of the signalled multislot class shall apply whereas Ttb of multislot classes 19-29 shall apply.

· If an Alternative EFTA multislot class is given then Tta, Trb and Tra of the signalled multislot class shall apply whereas Rx, Tx, Ttb of the Alternative EFTA multislot class shall apply.

Observations:

1)
The "reduced" values Trb=0 or Ttb=0, inherited from multislot classes 19-29, are only applicable in a (half duplex) mode where the mobile station would only be receiving (Trb=0) or transmitting (Ttb=0) within a given radio block period (or a given TDMA frame), subject to other restrictions specified in TS 45.002 Annex B.1 (e.g. no frequency hopping). These values are not applicable when there is a switch from transmit to receive or from receive to transmit, respectively - which is the case if the mobile is both transmitting and receiving.

In addition, there is no practical interest in using multislot classes 19-29 values Trb=1 or Ttb=1 as the corresponding values of the signalled high multislot classes are always lower (better) or equal.

2)
When the mobile station is both receiving and transmitting within a given radio block period (or within a given TDMA frame), the switching times are always applicable in consistent pairs, typically {Ttb, Tra} when "Tra shall apply" is indicated in TS 45.002 Table 6.4.2.2.1, or otherwise {Tta, Trb}. In these cases, the following conditions must be fulfilled, respectively:


d + Ttb + u + Tra ≤ 8 (adjacent cell measurements before transmission), or

d + Tta + u + Trb ≤ 8 (adjacent cell measurements before reception).

(d and u are the numbers of timeslots on which  the mobile station is receiving and transmitting, respectively).


Pairing two parameters values from different multislot classes (one from the signalled multislot class and the other from the alternative multislot class - or generally from class 19-29) leads to inconsistent or restricted timeslot configurations.

For example, with signalled multislot classes 35-39, the value Tra=1+to cannot be paired with the value Ttb=0-1 of multislot classes 19-29, but shall be paired with a value Ttb=1-to so that:

a) The timing advance offset shift is taken into account in both the uplink to downlink and the downlink to uplink transitions within a TDMA frame,
b) The (maximized) multislot capacity of the corresponding high multislot class is ensured (Sum + Tra + Ttb = 8).
[image: image1.emf]0 1 2 3 4 5 6 7 0
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Ttb= Tra=
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With the existing rule, we would have in this example:



Sum (6) +Tra (1+to) +Ttb (1:  Rx to Tx) = 8 + to

which exceeds the 8 timeslots frame extent…
3)
Tra and Tta refer to the switching times values applicable to perform adjacent cell signal level measurements and get ready to receive or transmit, respectively. On transitions where adjacent cell measurements are not required, Trb and Ttb apply instead. See 3GPP 45.002 Annex B.1.

Reduced switching times values Trb=0 or Ttb=0 have been specified for and are applicable to half duplex mode of operation (i.e. for Rx to Rx or Tx to Tx transitions on a single frequency). A  reduced value '0' is therefore not relevant for Tra and Tta parameters, which encompass adjacent cell signal level measurement and must therefore be non-zero values.

This is e.g. illustrated by 3GPP 45.002 Table 6.4.2.2.1 with multislot classes 24-29 (supporting up to Rx=8 downlink timeslots) where Tra (=2) shall apply for downlink configurations with d=1-6 timeslots while Tra shall not apply for downlink configurations with d=7-8 timeslots (hence Trb=0 applies instead). Accordingly, 3GPP 45.002 Table B.1 does not (and shall not) indicate any "reduced" value for Tra or Tta, but only for Trb and Ttb.

The same logic should be followed for EFTA, where only Trb and Ttb should be subject to reduced switching time values in TS 45.002 Table B.3 (but not Tra, as currently specified).
5 Conclusion
The discussion paper has reported a number of shortcomings related to the definition and applicability of the multislot capability parameters for EFTA in the existing specifications.

It is proposed to fix the identified issues, possible ways forward being:
1)
Tx capability is taken from the signalled multislot class (the alternative multislot class would only provide for higher downlink capability).

2)
The applicability of the Sum parameter of the signalled multislot class is restored for EFTA.

3)
Applicable Tr and Tt switching times values are derived from either the signalled multislot class or the alternative multislot class (if indicated) but depending on the mode of operation (i.e. full duplex or half duplex) of the mobile station in a given radio block period.
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