3GPP TSG-RAN WG1 Meeting #76
      R1-140819
Prague, Czech Republic, 10th -14th February, 2014











    
Agenda Item:
6.6.3
Source: 
Ericsson
Title: 
Impact of Filtered UMTS on RRM Requirements
Document for:
Discussion
1. Introduction

Recently in RAN#63 a new SI related to S-UMTS called, “Scalable Bandwidth UMTS by Filtering” was approved [1]. This is expected to heavily affect RAN4 requirements as we analyzed also in the last RAN1 meeting [2]. Therefore in this paper we provide initial thoughts on impact of filtered UMTS and its potential optimization on RRM requirements. 
2. Background on F-UMTS
In F-UMTS the legacy signal with 3.84 Mcps over the legacy 5 MHz bandwidth is passed though a filter with a smaller bandwith (e.g. 2.5 MHz) at the transmitter. However the chip rate remains unchanged i.e. 3.84 Mcps also after the filtering. Unlike in time dilated UMTS where the information is sent over a time period longer than that in legacy UMTS, in Filt-UMTS the signal is transmitted over the same duration as in the legacy UMTS.
The receiver will also employ a receiver to expand the smaller bandwidth of the filtered signal to that of the legacy UMTS before the baseband processing.  

The introduction of additional Filt-UMTS specific filtering to shorten the legacy bandwidth prior to transmission over the radio interface and converse filtering at the receiver introduce inter symbol interference (ISI). This means the receiver has to cope with additional ISI on top of the ISI and other impairments introduced by other sources and factors e.g. multipath channel etc.   
Another solution under discussion is to set (N-1) chips in a block of N chips to zero in order to mitigate ISI followed by a filtering stage which matches the required channel bandwidth (5/N MHz). For example every second chip should be zeroed in case of 2.5 MHz bandwidth. This is also called as chip zeroing UMTS (CZ-UMTS). It is also mentioned that this study will focus on mechanisms which do not impact the chip rate and TTI length in order to avoid latency issues which are instead the main drawback of the previously studied solution, i.e. the Time Dilation UMTS solution. In this case the impact on measurements would depend upon the extent to which the ISI is mitigated. 
3. Impact on RRM Requirements

All the existing UE and Node B measurement requirements are defined for the current chip rate and bandwidth of 3.84 Mcps and 5 MHz respectively. In Filt-UMTS and also in case of CZ-UMTS the shortening of the signal bandwidth by the virtue of filtering introduces signal impairment (e.g. ISI), which in turn will affect the signal quality of signals used for UE and Node B measurements. Even though in case of CZ-UMTS the ISI is mitigated to some extent but this needs to be studied for the physical channels used for a particular RRM measurements e.g. CPICH RSCP, CPICH Ec/No, cell identification etc. Therefore both Filt-UMTS and CZ-UMTS are likely to affect all the existing UE and Node B RRM requirements. However detailed analysis and studies are required to understand the extent of the impact on various requirements. In the following sections we provide only a brief overview of the impact. 

2.1 Impact on Node B RRM requirements

The Node B measurement requirements are defined in terms of measurement accuracy which is to be met over certain physical layer measurement period under certain side conditions e.g. signal levels, received interference power etc. The requirements are related to mesurements performed at the Node B receiver as well as at the Node B transmitter. The requirements at the transmitter (e.g. transmitted carrier power) are also defined at the antenna connector which is after the Filt-UMTS filter in the transmitter chain. Therefore the introduction of additional impairments may likely degrade the measurement accuracy of measurments done at the Node B receiver as well as those done at the Node B transmitter. RAN4 needs to identify the extent to which the accuracy is degraded and possible mitigation e.g. extension of measurement period etc. 
The Node B measurement related requirements potentially to be affected are:

· 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)

2.2 Impact on UE RRM requirements

Most of the UE RRM requirements are defined for measurements performed which are at the UE receiver e.g. cell search, cell reselection, CPICH measurements etc. The delay related requirements such as cell identification are to be met provided certain side condition in terms of received signal levels (SCH Ec/Io, CPICH Ec/Io, CPICH RSCP etc.) are met. The measurement accuracy is met over physical layer period and also under certain side condition in terms of received signal levels (SCH Ec/Io, CPICH Ec/Io, CPICH RSCP, Io etc.). 
As stated above the shortening of bandwidth introduces additional impairments and therefore all side conditions, measurement accuracies etc are likely to be affected in all RRC states in TS 25.133 and relative inter-RAT measurement requirements (i.e. in GERAN and TS 36.133). In addition to possible impact on delay, accuracy and signal levels, the increase in ISI might also impact the requirements in terms of number of identified cells that the UE is required to measure. For example with Filt-UMTS or CZ-UMTS under the existing intra-frequency CPICH Ec/Io and SCH Ec/Io levels (i.e. -20 dB), RAN4 needs to evaluate whether the UE can still measure on up to 7 identified intra-frequency neighbour cells or not and its impact on mobility performance. For the expected scaling factors, the delay spread introduced due to filtering or chip zeroing followed by filtering should be relatively short compared with the P-CPICH spreading factor and synchronisation channel chip sequence lengths (256 chips) which may limit the impact to UE RRM requirements, but nevertheless a quantative study is recommended to evaluate the severity of the additional ISI to cell search and measurement accuracy.
The UE requirements related to measurements at the UE transmitter (e.g. UE transmitted power, UE power headroom (UPH) etc) are defined in terms of measurement accuracy over the measurement time. The measurement accuracy is defined at the antenna connector, which is after the Filt-UMTS filter. Therefore the measurement requirements of measurements done at the UE transmitted also expected to be affected and need to be studied in RAN4. 
4. Summary
In this paper we have briefly discussed the impact of Filt-UMTS and CZ-UMTS on the existing Node B and UE RRM requirements. The existing RRM requirements are defined over 5 MHz channel bandwidth with a chip rate of 3.84 Mcps. Our initial analysis show that the impairments (e.g. ISI) introduced by an additional filtering in Filt-UMTS or CZ-UMTS for transmitting the signal over a smaller bandwidth than 5 MHz, are likely to degrade a number of Node B and UE RRM requirements. Further studies would be needed to evaluate the degradation in a quantative manner.
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