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1 Introduction
GERAN networks have traditionally been deployed using a set of 8 training sequence codes (TSCs). During the specification work of VAMOS a second set of TSCs was specified with superior cross-correlation properties compared to the first set. This has facilitated improved Circuit Switched (CS) link level performance leading to enhanced BTS hardware capacity and improved spectral utilization in GERAN CS deployments compared to only using the existing TSC set. 

In this paper it will be shown that significantly improved link level performance can be achieved in both the Packet Switched (PS) and Circuit Switched (CS) domain through the introduction of new set of TSCs for GMSK, 8PSK, 16QAM and 32QAM in normal symbol rate (NSR) , having better cross-correlation properties comparing with the existing set. 
The gains:

· are applicable both in UL and DL
· are applicable not only to the link assigned the new TSC but also the ones interfered by it.

· will have a positive effect not only in the domain it is used (PS or CS) but on the other domain (when experienced as external interference)
At the same time it is known that GERAN network operation is dependent on proper deployment. In this context the TSC planning is a challenging task considering the limited set of TSCs available and its sub-optimum properties. This is especially true considering the current trend to re-farm and synchronize networks to reach higher levels of spectral utilization. 
2 Network trends

Operators are currently seeing a massive increase in the demand for PS services and traffic volumes. A general trend to capitalize on this demand is to re-farm GERAN frequencies to UTRAN and E-UTRAN systems. As GERAN spectrum allocation becomes a more scarce resource, improved spectral efficiency is a necessity for GERAN operators.

One popular path to improve GERAN spectral efficiency is to synchronize the network radio interface. GPS based solutions exist since long but also software based network synchronization is becoming available. Another popular measure taken to squeeze in more traffic is to densify the network deployment. More base stations means higher capacity that ideally can increase the utilization of available frequencies.

The combination of increased traffic volumes, scarce spectrum allocations, denser deployment and a synchronized radio access is putting new requirements on the GERAN system, especially in the context of link level interference performance. It is expected that stronger and more frequent interferences will be seen, and maybe most importantly, interference will be time synchronized with the wanted signal. 
3 Current status in GERAN
It is well known that spectral efficiency is to a significant extent dependent on the link level performance experienced in a network. Over the years new means of improving GERAN link level performance have been explored. Although not primarily targeting spectral efficiency, VAMOS is a good example where improved receivers combined with a new set of superior TSCs facilitated improved link and system level performance. The use of the new TSCs is however not only beneficial in the context of VAMOS, but apply also in a more general context where CS performance is improved in interference limited situations. 
Proof of this is shown in Figure 1 [1] where the performance for a carrier assigned TSC 5 from Set 1, when exposed to a synchronous co-channel interferer (CCI) assigned one of the 16 TSCs in TSC set 1 and 2, is depicted. The performance is shown relative a reference where the synchronous CCI uses random bits in the TSC. The relative performance is defined as gain/loss in dB collected at 1% FER. It is clear that in the case of a single interferer, the link level performance is improved several dBs when the interferer is assigned a TSC from set 2, due to the much better cross-correlation property of TSCs from that set. 
It shall be pointed out that TSC set 2 defined for VAMOS was primarily optimized for paired cross-correlation, therefore the best performance when the wanted signal uses TSC 5 of set 1 is seen with an interfering TSC 5 of set 2 in the figure below. 
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Figure 1. Relative CCI performance for TCH/AHS5.90 in a synchronized network with TSC 5 from set 1 assigned to the wanted signal [1].
In the PS domain, operation is today relying on the use of the original TSC set 1. The set was originally defined for GMSK and when extending the TSC set for other modulations the same antipodal TSC symbol mapping was used. The same mapping is applicable to all EGPRS and EGPRS2 modulations: 8PSK, 16QAM(NSR) and 32QAM(NSR). Therefore, the sub-optimal cross-correlation property of the TSCs in set 1 exists in these cases as well. 
The sub-optimum TSC cross correlation is expected to be of no problem in coverage limited deployment (except in VAMOS where an intra-cell CCI is always introduced in a VAMOS pair) since the legacy set  has been designed for good auto correlation properties. However, in current interference limited deployments and/or in future deployments as anticipated in section 2, the sub-optimal design of TSC set 1 may become one of the limiting factor for further improving the spectral efficiency. This is especially a concern for synchronized networks.
4 Proposals

PS Domain

To introduce a new set of TSCs having better cross-correlation property in the PS domain is seen as an attractive approach to further improve the spectral efficiency of GERAN NWs. Such an extension will not only improve operation in classical interference limited scenarios, but will also be applicable in future features currently under consideration in GERAN, such as DL MIMO [3] and UL MU-MIMO [4]. 
To estimate the gains of introducing a new set of TSCs, a reference interference model was constructed based on DTS-2 (2 CCI, 1 ACI). In the model it was assumed that the wanted signal, assigned TSC 5 from set 1, was exposed to a set of interferers being assigned TSCs chosen among the remaining seven TSCs of set 1. More specifically it was assumed that one of the four TSCs with best cross-correlation towards TSC 5 (denoted as EXT1-4 in Figure 2) is assigned to the dominant external interferer. The TSC assigned to the residual interferers were modeled to be randomly picked from the remaining TSCs, i.e. set 1 excluding the TSC of the wanted signal (in this case TSC 5) and the TSC of the dominant interferer (in this case one of EXT1-4). This reference model as illustrated in Figure 2 is believed to correctly capture interference limited performance that can be expected in a synchronized NW with a good TSC plan based on TSC set 1.
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Figure 2. TSC assignment of investigated multi-interferer scenario.

To model the performance in a network where a new set of TSCs of improved cross-correlation properties has been introduced a new set of eight TSCs was defined for 8PSK, 16QAM and 32QAM for NSR through antipodal mappings, similarly to what has done for the legacy TSC set 1. To avoid designing entirely new TSCs at this stage while still showing the potential gain of having TSCs with good cross-correlation properties, the existing TSC set 2 (defined for VAMOS) was used as basis. The strongest CCI TSC in Figure 2 was then replaced by a TSC from set 2 mapped to the mentioned antipodal modulation constellation.  

Simulations using the reference model and the new approach were performed for EGPRS and EGPRS2-A, both for UL and DL. The results are depicted in Figure 3 and Figure 4 below, where gains can be seen in the range of 1.5 to 2dB both in DL and UL.
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Figure 3. EGPRS and EGPRS2-A DL gains
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Figure 4. EGPRS and EGPRS2-A UL gains
It should be noted that in all simulations the DTS-2 scenario has been used for the evaluation with the modification that the interfering modulation is always the same as the wanted signal modulation. The reason for this is that the simple approach of reusing TSC set 2, only provide good intra-modulation cross-correlation properties. However, this limitation is not believed to compromise the validity of the results. For maximizing the potential gain, a completely new set of TSCs should be designed with good inter-modulation cross-correlation properties as well. 

Based on the above results it is proposed to define one new TSC set for 8PSK, 16QAM and 32QAM in NSR (i.e. excluding EGPRS2-B from the TSC extension), which shall have enhanced cross-correlation properties to facilitate improved spectral efficiency in interference limited scenarios.  Besides, the TSC space will be doubled for the PS domain, which will ease the task of TSC planning and should ultimately facilitate improved network performance, and also avoiding problems seen in current networks (both synchronized and asynchronous) of e.g. co-TSC interference.
CS domain

Extending the TSC space also in the CS domain is expected to improve performance in interference limited networks and is especially important in a dense NW with low frequency reuse and a network synchronized radio interface. Such a situation can be expected in a frequency re-farming activity where the GSM spectrum is reduced substantially resulting in a higher frequency load to be carried by the network. In such a scenario VAMOS could also be expected to be deployed, in which case each VAMOS connection will still utilize the legacy TSCs even if the VAMOS MS penetration is high (one of the TSCs need to be from legacy TSC set 1) not eliminating the problem of bad cross correlation, or co-TCH interference. 
Doubling the TSC space in the CS domain would require 16 additional GMSK TSCs to support eight additional VAMOS pairs. Providing the extension is made in both the CS and PS domain, the total TSC space as defined today will be extended by a factor of two.
It should also be noted that introducing new TSC for PS can provide performance benefits also for CS users. This is since CS users now will be exposed to a higher order modulated interferer with improved cross correlation properties (providing that the TSCs are designed for inter-modulation cross correlation) towards the wanted carrier. 
An estimate of the potential impact on CS call quality is shown in Figure 5. 
· To estimate the gains brought by SAIC in a multi-interferer scenario a DTS-2 scenario has been simulated with interference being either GMSK or 8PSK modulated (with random bits in the interfering signal) – The results are shown in the top sub-plot in Figure 5. 
· To estimate the gains brought by improved cross-correlation a non-SAIC receiver has been simulated in a GMSK modulated DTS-2 interference scenario, using the TSC assignment methodology described in Section 4.1. The results are shown in the bottom sub-plot of Figure 5. 
When comparing the two figures it can be seen that the potential gains of having good cross-correlation properties in the TSC is similar as the gains provided by a SAIC receiver. It can further be noted that in contrast to SAIC (or any other receiver improvements) the gains from introducing new TSCs will not only apply to the user assigned the new TSC, but also to other users in the network interfered by it, and in both link directions.
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Figure 5.  Impact on SAIC performance from different interference (top) and impact on non-SAIC performance from different TSC designs (bottom).
USF and PAN segregation

In the current specifications there are GPRS, EGPRS and EGPRS2 MSs defined, all with different modulation capabilities. In a DL radio block, both the USF and RLC data blocks are included and need not be addressed to the same MS. However, both the RLC data block and the USF need to be modulated with a modulation supported by both MSs.

A similar problem exists for the PAN, that when included in a RLC data block it could be addressed to a different user than the one to which the RLC data block is intended.

Already today there is a possibility to assign different TSCs to different users in the same cell. By doing so the above mentioned requirement on modulation can be fulfilled but the MSs will not be able to read the USF or PAN if a different TSC than the one assigned is used on the same physical resources.
By introducing new TSCs this problem is extended further. To avoid segregation it should be considered to assign two TSCs to the mobiles supporting TSC set 2. This will have some impact to the blind modulation detection complexity but would still be within the complexity already supported (and evaluated) by the specifications (7 different modulation schemes need at most be detected in EGPRS2-B).

Impact on MS and BSS 

The introduction of the new TSCs for CS and PS is expected to be of low complexity. Besides implementing support for the actual TSCs the MS must be able to signal its new capability to the BSS. The BSS must also implement support for the new TSC, and besides this support an updated assignment message taking the new TSCs into account. It must also respect the USF and PAN segregation described in section 4.3
To limit the BSS and MS implementation effort it is proposed to:

· Design two new TSC sets for GMSK modulation.

· Base the new set of TSCs for the PS modulations on the same antipodal symbol constellation code as one of the new GMSK TSC sets. 

5 Specification impact

No new core performance requirements are seen needed to support the new TSCs, resulting in no additional test cases for the MS (apart from introducing the capability and assignment of the TSCs). These are in general applicable to all specified TSCs and this concept can easily be extended on to the new set of defined TSCs.

The main specifications impacted by the feature are listed in Table 1.
Table 1. Main specifications impacted by new TSC definitions.
	Specification
	Impact

	24.008
	Mobile capability indicator

	44.060
	Assignment of TSCs

	44.018
	Assignment of TSCs

	45.002
	TSC definitions


6 Time plan

It is proposed to introduce the new TSC set within the Rel-12 time frame.

The main task will be to agree on the actual set of TSCs to be used. Considering the rather recent specification of EGPRS2-B and VAMOS, lessons learned from those experiences should be used to allow for a more efficient specification and discussion on the TSC set. From the sourcing companies’ view it is important to agree on a common framework on how to evaluate the TSC set. This was not done earlier in EGPRS2-B and VAMOS and resulted in very different approaches from companies contributing to the work, and a more complex task in aligning/understanding the results. 

Some possible principles of a common framework are drafted below (to be further discussed and agreed during the WI phase):

· The final evaluation shall only be based on simulated performance.
· Contributions to the final evaluation shall contain simulated performance for all proposed TSC sets.
·  It is open for companies to contribute with new TSC sets until telco#3.
· A TSC set shall be chosen latest at GERAN#62.

· If TSC sets differ by less than Z dB at GERAN#62, one set shall be randomly chosen 
A rough time plan of the work is provided in Figure 6.
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Figure 6. Foreseen time plan and structure of the work. 
7 Conclusion 
This paper proposes to extend the current NSR TSC space by a factor of two for both CS and PS, meaning that; 

· Two additional sets of GMSK TSCs, where each set contains 8 new TSCs, shall be specified.

· One additional set of 8 TSCs for each of 8PSK, 16QAM and 32QAM at normal symbol rate, where the defined TSCs shall be based on the same antipodal symbol constellation code as one of the new GMSK TSC sets, shall be specified. 

· The defined TSCs shall possess improved cross correlation properties compared to the existing TSC set 1. This shall be applicable both in the case of intra-set cross correlation and inter-set cross correlation. In the latter case the cross correlation shall be optimized also across modulations. 

· All specified TSCs shall preserve good auto-correlation properties.

· Introduce MS capability signaling associated with the support of these new TSC sets. 

It is the view of the sourcing company that the proposed specification work shall be progressed within the framework of the WID proposed in [5] within the 3GPP Rel-12 time frame.
8 References
[1] GP-120598, “Aspects of Synchronous Interference”, Telefon AB LM Ericsson, GERAN#54

[2] 3GPP TS 45.002, Multiplexing and multiple access on the radio path

[3] GP-130288,  “New Study  Item on Downlink MIMO, NSN, Nokia, Com-Research, TIM, GERAN#57
[4] GP-131001, “New Study Item on UL MU-MIMO, Huawei Technologies Co., Ltd., Vodafone Group, China Mobile Com. Corporation, MediaTek Inc., GERAN#60
[5] GP-131042, “New WID: New Training sequence codes for GERAN (NewTON)”, Telefon AB LM Ericsson, Telecom Italia S.p.A., China Mobile Com. Corporation, Nokia Corporation, Alcatel Lucent, GERAN#60

1(10)
2(10)

[image: image10.png]Telco#1: Telco#2: Telco#3: Agreement to TSC set

Set common framework Wiopen for TSC Final date for TSC Discuss TSC evaluations based on common

proposals

for evaluation proposals and draft CRs framework




_1445751487.doc

[image: image2.png]TSCexra | ext2 | XT3 | EXT4

TSCes g 2ex71,2,3,0

TSCS

¥  Dominant interferer

4 Residual interferers







[image: image1]
