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1 Introduction

GP-120327 [1] presented at GERAN #53 evaluates the size of the MS Radio Access Capability (MS RAC) IE for two different capability sets (set 1 and set 2) and provides a number of observations related to the transmission of this information element over the radio interface during a two phase uplink access. It could be established that:
1. The set of capabilities for a single frequency band does not fit in the Packet Resource Request (PRR) message (205 to 231 bits would be required for a Rel-11 device for the considered sets vs. the 176 bits radio block capacity). This restriction affects existing devices from as early as 3GPP Release 6.
2. The set of capabilities for the first frequency band, when truncated in the PRR (see 1. above), shall be retransmitted within a subsequent Additional MS Radio Access Capability (AMSRAC) message (see 3GPP TS 44.060 12.30).
3. A Rel-9 onwards "features rich" mobile station (capability set 2) cannot signal its complete capabilities for more than one frequency band in the AMSRAC. Further, the figures reveal that the maximum AMSRAC capacity may even be exceeded for a single frequency band in the foreseeable future.
The above shortcomings are worsened when the network only allocates a single radio block for the second phase of the establishment.
The MS Radio Access capability IE can be truncated as required to fit in the message in which it is being sent. However, since features are added to the end of the IE in chronological order of the releases, any truncation affects relatively new (or as-yet unspecified) features much more than features specified in past releases.
This document evaluates and discusses a number of approaches addressing the above issues:
· Optimizing the encoding of radio access capabilities and PRR message,
· Indicating uplink-only radio access capabilities,
· Segmenting the radio access capabilities between PRR and AMSRAC messages,
· Network based approach.
2 Evaluation
Note:
PRR / AMSRAC message sizes indicated in the present section correspond to the size that would be used to transfer the considered capabilities if there was no limitation enforced by the radio interface protocol (typically 176 bits). Corresponding sizes are indicated in red if exceeding the limit (information truncated), orange if close to but not exceeding the limit or green otherwise.
2.1 Optimizing capabilities and PRR information
The encoding of the MS Radio Access capability IE resulting from the incremental addition of elementary capabilities is sub-optimal due to the presence of fields that are now obsolete, the signalling of mandatory features, the scattering of inter-related fields, etc.
As identified in GP-121009 [2], a significant size drop can be achieved in restructuring the information in the IE as well as in the PRR message. The savings achievable for a Release 11 device are shown in the tables below for the two reference capability sets as defined in GP-120327 [1] and corresponding to Coding form #0 (generic capabilities) in GP-121010 [5].
Table 1.1: PRR (Rel-11) message size / generic capabilities - 1 band
	
	
	Set 1
	Set 2
	

	PRR size (bits)
	Legacy encoding
	205
	231
	

	1 band uncompressed
	Optimized format
	160
	183
	

	
	Available capacity
	16
	-
	


Table 1.2: PRR (Rel-11) message size / generic capabilities - 3 bands
	
	
	Set 1
	Set 2
	

	PRR size (bits)
	Legacy encoding
	238
	264
	

	1 band uncompressed
	Optimized format
	176
	199
	

	+ 2 bands compressed
	Available capacity
	0
	-
	


Table 1.3: AMSRAC (Rel-11) message size / generic capabilities - 3 bands
	
	
	Set 1
	Set 2
	

	AMSRAC size (bits)
	Legacy encoding
	168
	194
	

	1 band uncompressed
	Optimized format
	132
	155
	(

	+ 2 bands compressed
	Available capacity
	44
	21
	


It can be observed from Table 1.3 that, with the optimized format, even though the supported capabilities may exceed a single message (PRR) capacity (set 2), they fit in all cases within two messages (PRR+AMSRAC), and the capacity made available in the AMSRAC (44 and 21 bits for capabilities sets 1 and 2, respectively) allows for future extensions even with three bands indicated.

In contrast, the current coding has only room for a few bits (capability set 1) or has its maximum capacity already exceeded (capability set 2).
2.2 Indicating uplink-only radio access capabilities
As the capability size issue is essentially relevant to a scenario where a mobile station requests the establishment of an initial uplink TBF, a further reduction in the size of the MS Radio Access capability IE can be achieved by only including the capabilities required for establishing the uplink resources, other (downlink-related, DTM) capabilities being made available in due time to the BSS as per the relevant existing procedures.

As per this approach, capabilities related to DTM, Downlink Dual Carrier, FTA, EFTA, DARP, Downlink EGPRS2 could be omitted, freeing additional capacity as shown in the tables below for the considered capability sets and corresponding to Coding form #1 (uplink-only capabilities) in GP-121010 [5] (PRR optimized as for approach 2.1).
Table 2.1: PRR (Rel-11) message size / uplink-only capabilities - 1 band
	
	
	Set 1
	Set 2
	

	PRR size (bits)
	Legacy encoding
	205
	231
	

	1 band uncompressed
	Uplink-only format
	144
	146
	(

	
	Available capacity
	32
	30
	


Table 2.2: PRR (Rel-11) message size / uplink-only capabilities - 3 bands
	
	
	Set 1
	Set 2
	

	PRR size (bits)
	Legacy encoding
	238
	264
	

	1 band uncompressed 
	Uplink-only format
	160
	162
	(

	+ 2 bands compressed
	Available capacity
	16
	14
	


Table 2.3: AMSRAC (Rel-11) message size / uplink-only capabilities - 3 bands
	
	
	Set 1
	Set 2
	

	AMSRAC size (bits)
	Legacy encoding
	168
	194
	

	1 band uncompressed 
	Uplink-only format
	116
	118
	(

	+ 2 bands compressed
	Available capacity
	60
	58
	


Tables 2.2 and 2.3 show that the uplink-only format allows the transmission of the full set of capabilities within a single radio block (only PRR is required, AMSRAC is not used) for three supported bands and for either capability set 1 or 2, still leaving 16 and 14 bits available in the PRR for capabilities sets 1 and 2, respectively.

Even with the PRR capacity exhausted with a single band, which is the worst case, a significant number of bits would be available for future extensions in the AMSRAC (60 and 58 for capabilities sets 1 and 2, respectively) after including Rel-11 information for three bands (one uncompressed) in the second message.

2.3 Segmenting the radio access capabilities
As prompted in the introduction of this document, the principles governing the construction of the PRR and AMSRAC messages require including again the first capability instance in the AMSRAC if not fitting in its entirety in the PRR. This results in the sub-optimal usage of the radio spectrum as a large part of the capability information is repeated over the air, hence reducing further the amount of useful information that could be transmitted to the network otherwise.
This shortcoming can be avoided if allowing the MS RAC IE to be segmented between PRR and AMSRAC messages when the IE does not fit in its entirety in the PRR.

Table 3.2 and 3.3 illustrate the capacity savings obtained in segmenting the radio access capability information between the PRR and the AMSRAC messages respectively based on the legacy encoding and on the optimized format evaluated in section #2.1 (the latter corresponding to Coding form #0 in GP-121334 [3]).
Table 3.1: Legacy encoding - no segmentation
(1 band uncompressed + 2 bands compressed - Rel 11 capabilities)
	
	
	Set 1
	Set 2
	

	No segmentation /
	PRR size (if not constrained)
	238
	264
	

	Legacy encoding (bits)
	AMSRAC size
	168
	194
	

	(3 bands) 
	Available capacity
	8
	none
	


Table 3.2: capabilities segmentation based on legacy MS RAC / PRR formats
(1 band uncompressed + 2 bands compressed - Rel 11 capabilities)

	
	
	Set 1
	Set 2
	

	Segmentation based on 
	PRR size (if not constrained)
	246 (*)
	272 (*)
	

	legacy formats
	AMSRAC size
	117 (*)
	143 (*)
	(

	(3 bands)
	Available capacity
	59
	33
	


(*) includes 8 bits used for the information length in addition to the legacy format sizes (see Table 3.1)
Table 3.3: capabilities segmentation based on optimized MS RAC / PRR formats
(1 band uncompressed + 2 bands compressed - Rel 11 capabilities)

	
	
	Set 1
	Set 2
	

	Segmentation based on 
	PRR size (if not constrained)
	184 (*)
	207 (*)
	

	optimized (2.1) format
	AMSRAC size
	55 (**)
	78 (**)
	(

	(3 bands)
	Available capacity
	121
	98
	


(*) includes 8 bits used for the information length in addition to the optimized encoding sizes (see Table 1.2)
(**) includes 8 bits used for the information length in addition to the legacy format sizes.

Table 3.4: capabilities segmentation based on uplink-only MS RAC / optimized PRR formats (1 band uncompressed + 2 bands compressed - Rel 11 capabilities)

	
	
	Set 1
	Set 2
	

	Segmentation based on 
	PRR size (if not constrained)
	168 (*)
	170 (*)
	

	uplink-only (2.2) format
	AMSRAC size
	0
	0
	(

	(3 bands)
	Available capacity
	137(**)
	135(**)
	


(*) includes 8 bits used for the information length in addition to the uplink-only optimized encoding sizes (see Table 2.2)

(**) includes 8 bits used for the information length in addition to the legacy format sizes.

3 Pros & cons of the different approaches
1)
Approach #2.1: optimized capabilities / PRR
+
Addresses capabilities transmission issues and frees medium extra capacity for future releases (21/44 bits for a 3 bands device).
+
Mid-range devices can send their complete capability within a single radio block (PRR)
-
New MS RAC layout introduced.
2)
Proposal #2.2: uplink-only capabilities
+
Addresses capabilities transmission issues and frees significant extra capacity for future releases (58+ bits for a 3 bands device).

+
Both mid-range and feature-rich devices can send their complete capability within a single radio block (PRR).

-
New "uplink only" MS RAC layout.

3)
Proposal #2.3a: legacy MS RAC segmentation
+
Addresses capabilities transmission issues and frees medium extra capacity for future releases (33/59 bits for a 3 bands device).

+
The same MS RAC layout is used as for the legacy case.

+
Limited impacts for MS / NW
-
Two blocks (PRR+AMSRAC) needed to send device capabilities.

4)
Proposal #2.3b: optimized MS RAC segmentation / optimized PRR
+
Addresses capabilities transmission issues and frees very large extra capacity for future releases (98/121 bits for a 3 bands device).

-
New MS RAC layout introduced.

-
Two blocks (PRR+AMSRAC) needed to send device capabilities.

5)
Proposal #2.3c: uplink-only MS RAC segmentation / optimized PRR

+
Addresses capabilities transmission issues and frees very large extra capacity for future releases (135+ bits for a 3 bands device)
+
Devices can send their complete capability within a single radio block (PRR).

-
New "uplink only" MS RAC layout.

6)
Network based solutions
Note: approach suggested during GERAN #55 discussions (capabilities requested to the SGSN and possibly stored in BSS).
+
No size limitation for scenarios where this approach is applicable.

+
No impact to the radio interface.

-
Need for the BSS to acquire the capabilities from the SGSN (delay) and / or to store the information locally (storage capacity).

-
Not applicable in all scenarios.

4 Conclusion
The present contribution has evaluated several approaches aiming at addressing the radio access capability transmission issues identified in GP-120327 [1] during the establishment of an initial uplink TBF.
It could be observed in particular that:

- a network based approach has no impact to the device but has some to the network and is not applicable to all scenarios.
- approach #2.1 based on a new optimized encoding addresses capabilities transmission issues and frees medium extra capacity for future GERAN enhancements.
- approach #2.2 based on a new uplink-only capability encoding addresses capabilities transmission issues, frees significant capacity for future GERAN enhancements and allows transmission of the whole device capabilities within a single radio block.

- segmenting the legacy MS RAC encoding has very limited impacts to the device and the network, and frees medium capacity for future GERAN enhancements.
- approach segmenting the capabilities combined with approaches #2.1 or #2.2 releases very significant capacity to permit the support of any future GERAN enhancement without compromising the complete and timely transmission of the information to the BSS at TBF establishment.
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