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Usage of Higher MCSs on CCCH Downlink
1 Introduction

To accommodate the anticipated increase in the number of devices resulting from the evolution of smart phones and/or MTC devices and their potential frequent accesses (mobile originated and terminated) to the network, a need to increase the capacity on the downlink CCCH (i.e. both AGCH and PCH) has been discussed (see e.g. [1], [2], [3] and [4]). An increased capacity can – as discussed in these papers -  be achieved by compressing the information elements sent in e.g. the IMMEDIATE ASSIGNMENT (IA) message or the IMMEDIATE ASSIGNMENT EXTENDED (IAX) message (which however is already is limited since it e.g. can only be used for CS purposes) to accommodate channel assignments (access grants) to more than one device. This however puts restrictions on the currently required duplication of certain information elements and thereby limits the dynamics/flexibility in the channel/resource assignments made for different devices (as identified in [2] and [3]).
To allow for more dynamic/flexible channel assignments (i.e. removing some or all of the restrictions imposed by [1] regarding the range of information provided by certain information elements) it is proposed to increase the payload size of both the assignment messages (e.g. IA and IAX) sent on the AGCH as well as the paging messages sent on the PCH while maintaining legacy rules regarding what is included within these messages. The increase of the payload size is proposed to be accomplished using currently defined coding schemes (CSs) other than CS-1.
2 Concept Description

Today, all blocks sent on the CCCH are coded as per SACCH (i.e. CS-1), see [5]. The identification by the MS of whether a message sent on a non-BCCH radio block is an AGCH or PCH message is done using the Message Type IE included within the message.

Using coding schemes other than CS-1 on the CCCH, however, puts requirements on the MS to identify the Coding Scheme associated with the radio blocks transmitted. This identification can be done as per existing functionality used in GPRS for packet data transfers as depicted in Figure 1. 
In this figure, and throughout this paper, eAGCH/ePCH  (=enhanced AGCH/PCH) is thus used to denote an AGCH/PCH on which messages using other coding schemes than CS-1 may be sent. 
It should be noted that the channel coding identification process depicted in Figure 1 is already supported by GPRS capable MSs. However, on the CCCH today there is no need for the MS to read the stealing bits, but only to demodulate the CS-1 coded radio block (since this is the only coding scheme used for radio blocks transmitted on the CCCH).

[image: image1]
Figure 1. Extension of AGCH/PCH for GPRS supported MSs and identification of the different message types.

3 Link Performance
By using higher CSs supporting larger payload size the radio performance is degraded. Below in Table 1 is an extract from [4], where the co-channel performance of CS-1/2/3/4 is shown as an example. Also, in Figure 2 the performance of CS-1 to CS-4 is simulated in sensitivity.
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Figure 2. GPRS performance TU50nFH.
Table 1. Co-channel performance of GPRS

	GSM 900 and GSM 850

	Type of
	Propagation conditions

	Channel
	TU3

(no FH)
	TU3

(ideal FH)
	TU50

(no FH)
	TU50

(ideal FH)
	RA250

(no FH)

	PDTCH/CS-1
	dB
	13
	9
	10
	9
	9

	PDTCH/CS-2
	dB
	15
	13
	14
	13
	13

	PDTCH/CS-3
	dB
	16
	15
	16
	15
	16

	PDTCH/CS-4
	dB
	21
	23
	24
	24
	*


Thus, there is roughly a 3-6 dB degradation of link performance by using CS-3 instead of CS-1. Due to the large degradation of CS-4 this CS is not considered in the family of extended Coding Schemes to be used on CCCH.

Two different implementation specific methods to combat the link performance degradation can be foreseen, as listed below, but other options could of course be possible.
· Option 1: The network could estimate the channel quality from the RACH sent by the MS and apply a link adaptation algorithm, choosing the most suitable coding scheme for transmission on the AGCH and also taking into account e.g. the individual performance on the RACH for each individual device bundled into a single AGCH message. This approach is not valid for the PCH as block received on the RACH in this case. The network could however in this case e.g. take into account channel quality statistics from on earlier sessions / access attempts by that device and/or other devices in the cell in order to make a qualified guess on which coding scheme to use and which individual devices to bundle together in a single PCH message. 
· Option 2: The network could first transmit assignment messages (e.g. IA and IAX) with higher Coding Schemes and if there are excessive incidences of no response from the MS a lower coding scheme could be chosen for future assignment messages sent to that MS. . For example, for a two phase access if the network does not receive a Packet Resource Request message from the MS after sending it an Immediate Assignment message the access attempt fails and the MS will retry its access for which a more robust coding scheme can be used .This approach could also be used in the PCH case, by e.g. letting the network track the paging success rates experienced for devices within a given group for which limited mobility is expected. Upon experiencing high paging success rates for a given time interval the network can then decide to begin using less robust coding for subsequent pages sent to members of that group for an implementation specific period of time
4 Benefits 

4.1 AGCH Capacity Gain

In its simplest form, the use of eAGCH as proposed herein means that coding schemes other than that used for legacy SACCH operation (i.e. CS-1) allow for e.g. the IA and IAX messages to provide access grant information for more devices than they can currently support. If this is then combined with information compression as discussed in [1]  - [4] (whereby duplicating information that is common to multiple devices is avoided) then even larger gains in access grant capacity are obviously possible. 
Assuming that the encoding as from [3] is used, then the payload increase from 22 octets (CS-1) to 32 octets (CS-2) would allow for in total 29 octets = 232 bits to be used for the IPA Rest Octets which would e.g. make feasible all the configurations now listed as of [3] as ‘not feasible’ and also allow for an even larger number of users to be multiplexed.

If, in addition, using the even more compact encoding as described in [4] rather than that of [3], then the capacity gains will be even larger.
4.2 PCH Capacity Gain

It should be noted that network paging capacity can also be increased in that ePCH can potentially include the transmission of paging messages that include the identification of more devices than what can currently be supported by the PCH. The impact of using coding schemes other than that used for legacy SACCH operation (i.e. CS-1) to increase paging message capacity is seen as being backward compatible in the sense that legacy devices will not be able to decode paging messages sent using these coding schemes. 
5 Conclusion
In this paper, a method in how to increase the downlink CCCH (i.e. both AGCH and PCH) capacity by using other modulation and coding schemes (MCSs) than the SACCH encoding (CS-1) used today.

It is the view of the sourcing companies that this is a highly feasible proposal which should be considered by TSG GERAN during the discussions on CCCH congestion. This proposal can be used either alone or in conjunction with the proposals of [1]  - [4].
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