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1 Introduction
RAN4 has received LS from RAN1 requesting RAN4 to evaluate the impact of introducing S-UMTS on RAN4 specifications and coexistence [1]. The summary of S-UMTS scenarios to be considered for evaluation as indicated in the LS is:
Primary candidate scenarios for S​-UMTS to consider
· Stand-alone S-UMTS carrier with reduced bandwidth (1/2 of the legacy carrier bandwidth)

· Dual-carrier operation with legacy carrier as the primary carrier and one S-UMTS carrier with reduced bandwidth (½ or ¼ of the legacy carrier bandwidth) as the secondary carrier, and with only one uplink (on primary carrier)

Candidate physical layer solutions to consider

· Reducing the chip rate to ½ or ¼ from the existing 3.84 Mcps operation

· Solutions without changing chip rate may be presented

· Possible options for frame/subframe/slot timing

· Extend the slot duration to maintain the same number of chips/slot

· Keep the 0.667 ms slot duration and reduce the number of chips/slot

· Other solutions may be presented

We have identified that there are RRM requirements which will not be affected due to the introduction of S-UMTS. On the other hand there are also several RRM requirements which are expected to be affected and will have to be redefined.

In this paper we therefore investigate the impact on RRM requirements defined in TS 25.133 and inter-RAT UMTS related RRM requirements in TS 36.133.
2 RRM requirements affected by S-UMTS

In S-UMTS due to reduction in chip rate for bandwidths smaller than 5 MHz the information will be sent over a longer time period since the spreading factor is kept the same. For example P-CPICH is sent using the existing SF = 128 but spread over time if chip rate is reduced to 1.92 Mcps for channel bandwidth of 2.5 MHz.

A number of RRM requirements are to be met over certain physical layer measurement period or evaluation time. But the chip rate and BW is the same i.e. 5 MHz. 
For example the measurement accuracy of certain UE or Node B measurement is required to be met over the L1 period. Furthermore a number of UE RRM requirements are defined under certain side conditions, e.g. SCH Ec/Io, CPICH Ec/Io, CPICH RSCP etc. The reduction in chip rate is likely to degrade the accuracy unless the L1 period is extended or side conditions are relaxed. However the latter (side conditions) are also expected to be kept the same to ensure same coverage as in the legacy UMTS.  
Therefore there is a need to investigate whether such RRM requirements can be met over the existing measurement periods for all the new S-UMTS scenarios / bandwidths or not. 

Potentially the following set of RRM requirements can be affected due to the introduction of the S-UMTS and need further investigation. The reason is that these set of requirements are 
· Evaluation period in cell reselection:

· Intra-frequency case in idle, CELL_PCH and URA_PCH states

· Inter-frequency case in idle, CELL_PCH and URA_PCH states

· Inter-RAT UTRA FDD case in RRC_IDLE state (TS 36.133)
· Cell identification delay related requirements:

· Intra-frequency cell identification delay in CELL_FACH and CELL_DCH states

· Inter-frequency cell identification delay in CELL_FACH and CELL_DCH states

· Inter-RAT UTRA FDD cell identification delay in RRC_CONNECTED state (TS 36.133)
· UE measurement related requirements: delay and measurement accuracies:
· Intra-frequency CPICH measurements (CPICH RSCP and Ec/No) 

· Inter-frequency CPICH measurements (CPICH RSCP and Ec/No) 

· Inter-RAT UTRA FDD CPICH measurements (CPICH RSCP and Ec/No in (TS 36.133)

· Intra-frequency SFN-CFN observed time difference
· Inter-frequency SFN-CFN observed time difference

· Intra-frequency SFN-SFN observed time difference Type 1 and Type 2
· Inter-frequency SFN-SFN observed time difference Type 1 and Type 2
· UE Rx-Tx time difference type 1
· UE Rx-Tx time difference type 2

· System information acquisition for intra-frequency CSG cell
· System information acquisition for inter-frequency CSG cell
· System information acquisition for inter-RAT UTRA FDD CSG cell (TS 36.133)
· BS measurement related requirements: delay and measurement accuracies:

· Received total wideband power
· SIR
· Transmitted carrier power
· Transmitted code power
· Round trip time 
· UTRAN GPS Timing of Cell Frames for UE positioning
· SFN-SFN time difference
· Transmitted carrier power of all codes not used for HS-PDSCH, HS-SCCH, E-AGCH, E-RGCH or E-HICH transmission
· DL Transmission Branch Load
· Received scheduled E-DCH power share (RSEPS)
2.1 Impact on cell reselection evaluation period
These requirements are defined in section 4 of TS 25.133 for different intra-UMTS mobility scenarios and also in section 4 of TS 36.133 (for inter-RAT UTRA FDD case). 

The UE uses CPICH RSCP and CPICH Ec/Io to evaluate the cell reselection related criteria over certain duration in terms of number of DRX cycles or a fixed time. But prior to this the UE also has to detect the cell. Therefore there are also requirements for overall time including the time to detect a cell and reselect the cell (Tdetect). These requirements need to be revisited. It should be noted that in LTE the requirements are the same regardless of the channel BW. This is due to the fact that in LTE the physical signals to aid cell search and RSRP/RSRQ measurements (i.e. PSS/SSS and also sufficient CRS to get cell ID) are transmitted over the shortest BW 6 RBs. This will not be the case in S-UMTS since in legacy 5 MHz the corresponding signals (i.e. P-SCH/S-SCH and P-CPICH) are sent over the entire BW.  

2.2 Impact on cell search requirements
These requirements are defined in section 8 of TS 25.133 for different intra-UMTS mobility scenarios and also in section 4 of TS 36.133 (for inter-RAT UTRA FDD case).

The UE is required to identify the target cell under the side conditions in terms of CPICH Ec/Io, SCH Ec/Io and CPICH RSCP levels over a certain delay. The delay depends upon whether cell is intra-frequency, inter-frequency (also in CM pattern) or inter-RAT UTRA FDD (i.e. when serving cell is LTE). 
The cell search delay includes time to acquire P-SCH, S-SCH and also the scrambling code by correlating over CPICH of the cell being identified. The total delay includes also the CPICH L1 measurement period.
Under the existing side conditions for corresponding cell search requirements (i.e. 800 ms for intra-frequency under CPICH Ec/Io and SCH Ec/Io ≥ -20 dB) it is not expected that the UE will meet the existing requirements for chip rate lower than 3.84 Mcps.
RAN4 therefore needs to investigate whether the UE can identify S-UMTS FDD cell i.e. with chip rate lower than 4.84 Mcps within the existing delay or not.

2.3 Impact on UE measurement requirements

These requirements are defined in sections 8 and 9 of TS 25.133 for different intra-UMTS measurements and also in sections 8 and 9 of TS 36.133 (for inter-RAT UTRA FDD CPICH measurements). 
After identifying a cell the UE performs measurements and is required to meet the absolute and relative accuracies of that measurement over the L1 period under the side conditions in terms of CPICH Ec/Io, SCH Ec/Io and RSCP levels. Furthermore, CPICH measurements are required to be performed for certain number of identified cells i.e. 8 cells in total for intra-frequency case. 

The CPICH measurements, timing measurements (e.g. SFN-CFN time difference) and positioning related measurements (e.g. SFN-SFN type 2, UE Rx-Tx time difference type 2) are defined over the same L1 period and side conditions. The requirements for these measurements need to be revisited for S-UMTS with lower chip rates. That is in order to maintain the existing accuracies and the number of reportable cells the possible option is to extend the L1 period for lower chip rates.
In addition other measurements like SI acquisition which requires UE to decode the SI within certain delay which depends upon the certain number of SIB3_REP. Furthermore these requirements are applicable under certain side conditions corresponding to that of cell search. RAN4 needs to evaluate if the current number of SIB3_REP is enough also for lower chip rates.   
2.4 Impact on BS measurement requirements

The BS requirements comprise of measurement accuracy met over certain L1 measurement period, which is between 80 ms to 100 ms depending upon the type of measurement.  For example RTWP and transmitted carrier power are measured over 100 ms whereas SIR and SIRerror are measured over 80 ms. The BS measurement requirements are defined in section 9 of TS 25.133.
With the lowering of chip rate it is not evident that the BS can meet the existing accuracies over the existing L1 period. Therefore all requirements for BS measurements which are to be fulfilled over L1 period need further investigation.

3 S-UMTS on Signalling and Measurement Procedures

In addition to the impact on the existing RRM requirements the introduction of S-UMTS due to reduction in chip rate is also likely to impact signalling protocol and measurement procedures. Some of these issues are elaborated below:
3.1 Impact on signalling to assist inter-frequency and inter-RAT measurements
In case of intra-frequency measurements the UE will know the chip rate of the serving cell. The UE will have to detect the chip rate blindly during the initial cell search as also pointed out in [2]. If all cells on the same carrier (e.g. serving carrier) use the same chip rate then RNC does not have to signal the chip rate of neighbour cells for cell reselection, measurements or for any other mobility related procedure on that carrier. 

A UE may be requested to measure cells on an inter-frequency S-UMTS carrier or on an inter-RAT S-UMTS carrier (i.e. when serving cells is LTE). Furthermore the UE can be requested to perform sch measurements on multiple UMTS carriers as per requirements defined in TS 25.133 and TS 36.133 (for inter-RAT UTRA FDD case). However different carriers configured for measurements may not use the same chip rate. 

In this case the network needs to signal the chip rate used on different S-UMTS carriers for inter-frequency and inter-RAT measurements as also stated in [2]. This will require introduction of new signalling in TS 25.331 (UMTS RRC), TS 36.331 (LTE RRC) and also in GSM/GERAN layer 3 specifications in all RRC states i.e. idle/URA_PCH/CELL_PCH/CELL_FACH/CELL_DCH states in UMTS, idle and connected states in LTE and GSM/GERAN.
Furthermore in order for the RNC to signal chip rates on different cells or carriers to the UE for measurements, the RNC also needs to acquire the Node Bs capability of supporting different chip rates and also the currently used chip rate in the Node Bs. This may also affect RAN3 specifications.  
3.2 Impact of S-UMTS with variable BWs on same carrier
It is also likely that all cells on the same carrier (e.g. serving carrier, inter-frequency carrier or inter-RAT UTRA FDD carrier) use different chip rates. This is similar to variable BW scenario in LTE i.e. when cells on the same carrier have different BWs but their centre frequency is the same (i.e. within UE and BS frequency error limit). 

In this case we foresee considerable impact on RRM requirements and procedures, which will significantly impact both UE and network implementation. There are two main issues:

· Firstly the network will have to signal the chip rate each cell on a carrier to the UE in all states in TS 25.331 and TS 36.331.
· In case of intra-UMTS mobility scenario the chip rate needs to be included in the neighbour cell list (NCL) for each cell.

· For inter-RAT UTRA FDD case (with LTE serving cell) the problem is more severe since NCL is not signalled to the UE. That means either NCL has to be introduced or UE has to do blind detection. Note that options used in LTE to support variable BW (i.e. signalling of common measurement BW to UE or UE measuring over central 6 RBs) are not possible for S-UMTS carrier with variable BW. 
· The second issue is related to the fact that when serving cell BW is smaller than that of the neighbour cell on the same carrier then the UE will have to retune its receiver when measuring on a neighbour cell with larger BW. The UE will do retuning before and after each measurement snapshot to expand and shorten the RF BW of its receiver. The UE typically samples several times (i.e. obtains 4-5 snapshots for CPICH measurement) over the measurement period or cell identification delay to meet the measurement requirements. The retuning of the RF receiver will degrade serving cell reception and reception performance (i.e. UL/DL packet loss, interruption on UE specific control channels etc) both prior to and after the measurement snapshot. Apart from system impact, new requirements to limit the loss of serving cell performance (e.g. packet loss rate) needs to be defined. 
4 Impact on RRM Test Cases in Annex A of TS 25.133 and TS 36.133 

Any impact on the RRM core or performance requirements will affect the corresponding test cases defined in the annex A of TS 25.133 and annex A of TS 36.133. For example if cell identification delay is extended for lower chip rate then test requirements in the tests verifying such requirements will have to be modified. But in addition the test also needs to be modified. For example test times that are tailored for the test requirements (e.g. delay/measurement period) need to be modified, new reference measurement channels to be defined and new parameters like chip rate, BW etc., will have to be included. Perhaps for clarity a better approach would be to redefine new set of test cases for all lower chip rates. This is quite substantial work and will also heavily affect RAN5 conformance testing.
5 RRM requirements unaffected by S-UMTS
We don’t expect that S-UMTS will have any impact or at least any major impact on the following set of RRM requirements related to the UE:
· Requirements related to cell change or handover:

· Active set size and update (section in TS 25.133)
· Interruption times and overall delay associated with the cell change or handover (section 5 in TS 25.133 and section 5 in TS 36.133)
· Random access related requirements (section 6.3 in TS 25.133).
· Transport format combination selection in UE (section 6.4 in TS 25.33) – possible impact on X, Y and Z parameters associated with measurement period needs some evaluation. 

· UE transmit timing accuracy related requirements (section 7 in TS 25.133)

· UE measurements (section 9 in TS 25.133):

· Transport channel BLER – as period is configured by RRC

· Transmitter carrier power – measured in longest period in slot when power becomes max.
Similarly the following BS measurement requirements defined in TS 25.133 will not be affected. 

· Transport Channel BER – measured over a TTI.
6 Conclusions
In this paper we have provided an overview of the impact of introducing lower chip rate S-UMTS on RRM requirements and also on the RRM test cases, which eventually will also implicate RAN5 conformance testing. Our initial conclusion is that there is significant impact on RRM requirements to support additional chip rates beyond 3.84 Mcps in UMTS. We suggest that RAN4 communicates the summary of initial findings on RRM impact to RAN1 in the response LS.
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