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System Performance requirements
in TCH and DCCH TBF modes

1. Introduction

As highlighted in [1], in Iu mode, where the applicability of the RLC/MAC protocol is wider than in GPRS, the definitions of block period and round-trip delay need to be given to account for all possible logical channels besides PDTCH on which this protocol operates: i.e. TCH, FACCH, SACCH, SDCCH. While the definitions of radio block and block period were adjusted to Iu mode of operation in GERAN#10, the round-trip delay was left open, as the proposal in [1] was not acceptable. In fact, the operation of TCH and DCCH TBF modes could not necessarily be based on BS_CV_MAX as (E)GPRS TBF modes.

This paper intends at closing the round-trip delay issue, which categorizes into two problems:

· Acceptance of negative acknowledgements: after polling in a given block the transmitter may not accept the acknowledgement information for this block in a given acknowledgement if this acknowledgement is received too early (prior to minimum round trip delay). In particular, this prevents to change the acknowledgement status from PENDING_ACK to NACK before the proper acknowledgement information is received.

· After polling, the response shall be received before a given time

2. System performance requirements in LAPDm

In LAPDm [2] the system performance requirements are defined to be satisfied by a local implementation without reference to the (remote) peer implementation.

It is designed so that:

· A possible loss of frames on the radio path be detected as soon as possible

· A necessary retransmission of a frame take place at the earliest possible opportunity

· T200 do not time out before the next frame in the other direction is received and treated assuming reasonable response delays for the peer entities

· If T200 times out, provided no other frame takes priority, the repeated frame is sent in the block following immediately aftert the next PH-READY-TO-SEND indication

The performance requirements are defined on a logical channel and SAPI basis. This paper addresses the response time only, RLC procedures being already defined for retransmissions.

The LAPDm's response time is defined as follows: available response delay:

If a data link entity receives a data link command frame requesting response whose last burst has been physically transmitted in the TDMA frame number Fncomm, then the first burst carrying a segment of the corresponding data link response shall be physically transmitted in the TDMA frame number FN resp where: 

Fnresp ≤ Fncomm + Tresp +1, with Tresp defined as follows:

	SAPI
	Type of channel
	Available Response Delay Tresp

	0
	SDCCH
	MS: 11

BSS: 32

	0
	FACCH/Full rate
	9

	0
	FACCH/Half rate
	10

	3
	SDCCH
	MS: 11

BSS: 32

	3
	SACCH (with TCH)
	25 / 129 (see note)

	NOTE: This higher value is applicable when the physical channel was not available for SAPI=3 due to the transmission of a SAPI=0 frame

NOTE: Arithmetics on TDMA frame numbers as specified in [3] operates modulo (FN_MAX+1) = 2715648.


Table 1. Performance requirements in LAPDm
E.g. if a request is received by the MS on the first subchannel of SDCCH/4, the MS shall answer in the next occurrence of SDCCH/4 on the same subchannel in UL. The last burst of SDCCH/4 subch 0 is in fact sent in B25 in DL while the first burst of SDCCH/4 subch 0 is sent in B37 in UL, see [3].

3. Proposal

It is proposed to re-use the principle used to define the performance requirements of LAPDm for DCCH and TCH TBF modes (RLC on FACCH, SACCH and SDCCH) of GERAN Iu mode. However, due to the multiple RLC instances that can be multiplexed on a given logical channel, it cannot be guaranteed for a given implementation that a response will arrive at a given time. Though, it can and must be guaranteed that the response will arrive before a given time.

The table below summarizes the proposed requirements as a function of the MAC state and the logical channel in use.

It should be read as follows:

· Accept NACK: 

If the bit [in the acknowledgement bitmap] contains the value ‘0’, the last burst of the corresponding RLC data block has been physically transmitted in the TDMA frame number FNcomm, and the first burst carrying a segment of the corresponding  acknowledgement
 has been physically transmitted in the TDMA frame number FNresp where FNresp≤FNcomm+Trmin+1 (i.e., the RLC data block was recently (re)transmitted and thus can not be validly negatively acknowledged in this particular acknowledgement), the element in V(B) shall not be modified. 

Tmin represents the number of TDMA frames corresponding to the minimum available response delay for the logical channel in use, as defined in the table below.

· Response time:

A rule similar to LAPDm case for answering a request will be introduced, where the maximum response time Tresp is included. Such rule will be used to detect the cases when a response is not received before FNcomm+Tresp+1, and upon n occurences of such event, trigger a link failure:

If a polling request is received whose last burst has been physically transmitted in the TDMA frame number FNcomm, then the first burst carrying a segment of the corresponding response shall be physically transmitted in the TDMA frame number FNresp where:

FNcomm + Trmin + 1 ≤ FNresp ≤ FNcomm + Tresp +1
	Request sent on
	Response sent on
	Trmin
	Tresp (see note 1)

	
	
	
	MAC-Dedicated state
	MAC-DTM state

	SDCCH
	SDCCH
	MS: 11

NW: TRMIN_SDCCH (32 or 83)
	MS: 113

NW: TRESP_SDCCH (134 or 185, respectively)
	Not applicable

	SACCH
	SACCH
	MS: 11

NW: 83
	MS: 113

NW: 185 

	

	SACCH 

(with a TCH or PDTCH)
	SACCH 

(with a TCH or PDTCH)
	MS: 25

NW: TRMIN_SACCH (25 or 129)
	MS: 129

NW: TRESP_SACCH (129 or 233, respectively)
	MS: 25

NW: TRMIN_SACCH

	FACCH/Full rate
	FACCH/Full rate
	MS: 9

NW: TRMIN
	MS: 18 (max between 18 and 17)

NW: TRESP_MAC_Dedicated
	MS: 14 (max between 13 and 14)

NW: TRESP_MAC_DTM

	TCH/Full rate
	FACCH/Full rate
	MS: 9

NW: TRMIN
	MS: 18 (max between 18 and 17)

NW: TRESP_MAC_Dedicated
	MS: 14 (max between 13 and 14)

NW: TRESP_MAC_DTM

	FACCH/Half rate
	FACCH/Half rate
	MS: 10

NW: TRMIN
	MS: 28 (max between 28 and 27)

NW: TRESP_MAC_Dedicated
	MS: 19 (max between 18 and 19)

NW: TRESP_MAC_DTM

	NOTE 1: these values account for the maximum amount of Radio Bearers multiplexed on a given logical channel, and the priorities of associated RLC/MAC blocks. For FACCH, it also accounts for the RLC/MAC control signalling related to the traffic on the TCH. A maximum value is given taking into account one RLC/MAC control block from each RLC instance.

NOTE 2: the combination TCH/H – FACCH/H is not supported

NOTE 3: "max between n and m" is to account for the shift of the start of the FACCH block where the response is sent, that occurs depending on the end of the TCH/FACCH block where the request was sent. (due to a different number of idle/SACCH frames included in the counts).


Table 2. Proposed performance requirements

	Logical Channel
	Max number of RLC instances on a given logical channel

	
	MAC-Dedicated state
	MAC-DTM state

	SDCCH
	3 SRBs
	NA

	SACCH
	1 SRB
	

	SACCH
	2 SRBs
	1

	FACCH
	2 SRB + RLC/MAC control from TCH
	2

	TCH
	1


Table 3. Maximum number of RLC instances multiplexed on a given logical channel
It should be noted that the requirements on the network side are looser than those of LAPDm due to the fact that the RLC/MAC protocol may sit in a different network element, depending on implementation. Therefore, the standard should on one hand allow for various implementations without on the other hand penalizing any. It is therefore proposed that the network's response times for a given channel combination be notified to the mobile station at assignment of this channel combination to this mobile station. In addition, it is proposed that the requirements on the mobile station side be fixed, as the network is not necessarily aware of either the MS itself or of its capabilities at channel assignment. The minimum value is in line with the requirements for GPRS MS.

The following parameters are notified to the MS by the network. The values of a given parameter are taken following the mapping of logical channels onto physical channels specified in 45.002.

1) For SDCCH + SACCH:

· TRMIN_SDCCH which may take the values a) 32 or b) 83

· TRESP_SDCCH which may take the values a) 134 or b) 185.

· Where only combinations a)+a) or b)+b) are allowed

· Trmin and Tresp on SACCH are proposed to be fixed: 83 and 185

2) For SACCH associated with a PDTCH or TCH:

· TRMIN_SACCH which may take the values a) 25 or b) 129

· TRESP_SACCH which may take the values a) 129 or b) 233.

· Where only combinations a)+a) or b)+b) are allowed

2.1) For FACCH/Full rate and TCH/Full rate+FACCH/Full rate:

· TRMIN ( [9;72]

· TRESP_MAC_Dedicated; TRESP_MAC_DTM ( [14;141]

2.2) For FACCH/Half rate:

· TRMIN ( [9;72]

· TRESP_MAC_Dedicated; TRESP_MAC_DTM ( [14;141]

Signalling-wise only the combinations 1) or 2)+2.1) or 2)+2.2) are allowed. 

The network is not allowed to change the response time for an already allocated logical channel at assignment of another dedicated channel to the mobile station.

4. Changes to Specifications

The relevant changes to 44.160 and 44.060 specifications are reflected in [4] and [5].

Similar changes to those of PACKET DBPSCH ASSIGNMENT message in [5] need to be brought to 44.118.

5. Conclusion

This contribution proposes to specify system performance requirements for TCH and DCCH TBF modes, based on a number of TDMA frames between a request and the corresponding response, in a very similar way as in LAPDm. The mechanism proposed enables a predictable and controllable RLC/MAC behaviour in both network and mobile station sides.

Corresponding changes to specifications for these requirements and associated procedures are available in [4] and [5].
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� PACKET DBPSCH UPLINK ACK/NACK or PACKET DBPSCH DOWNLINK ACK/NACK message or the piggy-backed acknowledgement


� These maximum values could be made shorter: 11 and 83 for MS and NW, respectively, given the fact there is only one SRB that may be mapped on SACCH and no other RLC/MAC signalling apart of the one related to this SRB may circulate.
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