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1. Introduction
In the past few meetings the definition of the LTE450 band was discussed in the RF sessions of RAN4. This band is expected to be defined with 1.4 MHz, 3 MHz, and 5MHz channel bandwidths. Currently, the RRM and demodulation performance requirements and test cases are defined under the assumption that all bands support 10MHz channel bandwidth. In this paper we discuss the implications of having a band that only supports up to 5MHz channel bandwidth.
2. Discussion

The base band performance of a UE is band agnostic; that is, the same performance is expected independent of the band.  Additionally, it is expected that the UE modem reuses a similar implementation for different channel bandwidths, hence one correct implementation quite often only needs to be tested over one channel bandwidth. Taking advantage of these characteristics of base band performance, the RRM, demodulation and CSI feedback requirements / tests are designed accordingly to reduce specification complexity and testing cost. 
Subsequently, RAN5 only tests band agnostic requirements for a randomly chosen band. Hence, for a multi-band LTE terminal that supports LTE450 + band X, all UE baseband functionalities could be tested over band X (assuming band X supports 10 MHz channel bandwidth) without introducing redundant 5 MHz tests. Tests that are defined for channel bandwidth of 5MHz or below can still be tested over LTE450 explicitly.
Observation 1: Baseband performance is band agnostic, hence for multi-band LTE UEs that support LTE450 + band X, all UE baseband functionalities can be tested over band X without introducing redundant 5MHz tests.
In the case that single-band UE only supports the LTE 450, tests that are defined for channel bandwidth of 5MHz or below can still be explicitly tested. However, it is likely that the same baseband modem design is used for other markets and LTE bands, where the baseband performance will be tested.  It can be argued that if the RF requirements and existing baseband tests with 5MHz and below are met for an LTE450 UE, the overall UE functionality should be compliant.
Observation 2: For a single-band LTE450 UE, the baseband functionalities are likely compliant if it passes tests for the RF requirements and existing 5 MHz-and-below baseband tests.
While observation 2 provides some degree of confidence in the UE baseband performance, there is no existing procedure to guarantee the baseband performance without explicit testing for all cases. 

The discussion in the rest of this section is focused on comprehensive coverage of single band LTE450 terminal requirements. The discussion is split into 2 subsections, one subsection that addresses the RRM core requirements and test cases (impact on 36.133) and another subsection that addresses the demodulation and CSI feedback performance part (impact on 36.101).

RRM requirements/tests for single band LTE450 UEs
RRM Requirements

The RRM requirements (core and performance) are captured in Sections 4-9 of 36.133. As LTE supports different channel bandwidths, the requirements are defined in a channel bandwidth agnostic way, hence, they apply to any channel bandwidth supported in the specifications. Requirements that are related to signal strength (e.g. measurement accuracy requirements such as RSRP accuracy, etc) are defined using signal strength/15kHz while requirements that depend on the bandwidth (e.g. RSTD accuracy, RLM, transmit timing, etc) have separate values for different channel bandwidths covering all the cases. Based on these observations we can conclude that the requirements cover the 5MHz channel bandwidth and no further work is needed.

Observation 3: Requirements in 36.133 are defined in a band agnostic way and cover the 5MHz channel bandwidth, hence, there is no need to define new requirements.   
RRM Test cases
In order to test that the UEs meet the requirements defined in 36.133 RRM tests have been defined and are included in the Annex of 36.133. As all of the LTE bands defined so far support 10MHz channel bandwidth and the requirements are band agnostic, most of the test cases are only defined for 10MHz channel bandwidth (some tests are also defined for 1.4MHz channel bandwidth to ensure minimum functionality). Since LTE450 will be defined with a maximum channel bandwidth of 5MHz, the test cases need to be redefined for 5MHz channel bandwidth in order to be able to test the UEs that only support LTE450 for compliance. 
Observation 4: If RRM requirements are to be explicitly tested for LTE450, all corresponding test cases have to be redefined for 5MHz channel bandwidth.

A similar problem arose recently in the context of carrier aggregation. The RRM test cases for CA had only been defined for 10+10MHz channels, however, there are UEs (CA band combinations) that do not support this bandwidth combination. In order to fix this problem, the tests that had already been defined are now being duplicated to support bandwidth combinations of interest (existing tests are duplicated and only parameters that differ are mentioned in the new test)[1]. A similar approach could be used in the case of LTE450 to streamline the work and minimize the time needed to finalize all the test cases. However, the RRM specification impact to duplicate LTE450 cases will be much higher compared to the coverage extension to CA channel band combinations because the number of test cases is much larger. 
Based on our initial assessment, the work that is needed can be summarized as follows:

· Define new OCNG patterns for 5MHz (currently only 1.4MHz and 10MHz are defined)

· Define new reference measurement channel (RMC) for 5MHz (currently only 1.4MHz and 10MHz are defined)

· Duplicate all the single carrier FDD test cases defined for 10MHz channel to support 5MHz channel

Even though the work that needs to be done is straightforward and is not expected to be controversial, the amount of work is very high because of the larger number of test cases (more than 70). In order to progress the work smoothly a clear work plan and a list of test cases should be agreed first.

We also note that for most RRM test cases no new simulations are thought to be needed because all the necessary requirements are already defined. However, the following RRM tests would require new simulations to determine the SNR thresholds in the performance tests:
· Radio link monitoring tests

· No time restriction

· eICIC

· feICIC (ongoing)
Demodulation and CSI feedback tests for single band LTE450 UEs
LTE demodulation and CSI feedback requirements are defined jointly to ensure proper UE functionality. In the demodulation tests, UE demodulation performance is tested over fixed reference channels (FRC) with fixed channel bandwidth, modulation order, transport block size, number of Tx antennas, transmission modes, etc.  Clearly, only a subset of combinations of the parameters mentioned above can be tested due to exponential complexity.  The CSI feedback tests are introduced to ensure the CSI feedback is consistent with the demodulation performance for each feature based on the assumption that UE already meets the corresponding demodulation tests. Since the demodulation tests provide comprehensive coverage on the combination of different parameters, including the channel bandwidth, the CSI tests are all carried out over only 10 MHz channel bandwidth.

The FRCs in 36.101 are listed  in Table 1 for different channel bandwidths. It is observed that 15 FRCs are with channel bandwidths of 5 MHz or below and 37 FRCs are with channel bandwidth of 10 MHz. The 15 and 20 MHz FRCs can be ignored for this discussion since they pertain to carrier aggregation. Note that the number of test cases is much more than the number of FRCs listed in the table.
Observation 5: The majority of demodulation tests are defined for channel bandwidth of 10 MHz and beyond.

Table 1. FRCs with different channel bandwidths in 36.101
	Channel Bandwidth (MHz)
	Number of FRCs

	1.4
	6

	3
	2

	5
	7

	10
	37

	15
	2

	20
	9


Unlike RRM tests, the demodulation tests are not be easily duplicated without re-simulating the performance since the demod performance is highly sensitive to the channel bandwidth and channel model.

The most straightforward way to define 5 MHz requirements would follow the normal procedure for new tests:

· Identify the feature to be tested:

· PDSCH
· Transmit diversity

· Open  loop spatial multiplexing

· Closed loop spatial multiplexing

· MMSE-IRC

· Dual-layer beaforming

· eICIC

· feICIC (onging)

· CoMP (ongoing)
· PDCCH/PCFICH

· ePDCCH (ongoing)

· PHICH

· MBMS

· Agreeing on a combination of simulation parameters

· Modulation order

· MCS

· Channel model

· OCNG
· Align simulation results without impairments

· Align simulation results with impairments

· Agree on the performance requirements and introduce CR to 36.101.

It is evident that there is a significant amount of work associated with this approach requiring the working group to essentially re-align most demodulation requirements for the 5MHz channel. Depending upon the back office capacity that can be allocated to this task by each of the participating companies, it could take the working group 6 months to 1 year to complete the work.

Observation 6: If demodulation requirements are to be explicitly tested over LTE450, simulation and alignment of all demodulation performance requirements at 5MHz channel bandwidth is expected to take at least 6 months due to back office capacity limitations. 
An alternative to realigning performances for 5MHz channel is to introduce a fixed margin for 5MHz relative to 10 MHz channel. This margin is likely to be channel profile and MCS dependent. The working group could potentially calibrate the performance for a few test cases over each channel profile and agree on a fixed margin for 5MHz.
Observation 7: If demodulation requirements are to be explicitly tested over LTE450, a conservative margin could be added to 5MHz relative to 10 MHz channel bandwidth for duplicated demodulation tests as an approach to manage the workload. 
CSI feedback performance requirements include CQI (static, frequency non-selective fading, frequency non-selective fading), PMI, and RI tests. Note that advanced features like eICIC, feICIC and CoMP are quite complicated in terms of CSI feedback configuration.

For static and frequency non-selective fading tests, the performance requirements can potentially be reused if a 5MHz channel bandwidth is introduced. One caveat is that the testing condition needs to be verified for each test. In most tests, SNR testing thresholds have been chosen to maximize the test metric after careful calibration among vendors.

Observation 8: If CSI feedback requirements are to be explicitly tested over LTE450, the requirements for static and frequency non-selective tests can potentially be reused for 5MHz after the testing condition is verified.

For frequency selective tests, the UE performance is highly channel bandwidth/profile dependent. It is most likely that the performance requirements should be redefined based on new simulations.  This would involve the normal procedure of alignment of assumptions, simulations and margins. 
Observation 9: If CSI requirements are to be explicitly tested over LTE450, the requirements for frequency selective CQI and PMI tests need to be redefined for 5MHz.

3. Conclusion
In this paper we briefly analysed the impact of the LTE450 band on the RRM requirements/test cases and demodulation performance. We make the following general observations:
Observation 1: Baseband performance is band agnostic, hence for multi-band LTE UEs that support LTE450 and band X, all UE baseband functionalities can be tested over band X without introducing redundant 5MHz tests.
Observation 2: For a single-band LTE450 UE, the baseband functionalities are likely compliant if it passes tests for the RF requirements and existing 5 MHz-and-below baseband tests.
While observation 2 provides some degree of confidence in the UE baseband performance, there is no existing procedure to guarantee the baseband performance without explicit testing for all cases. 

On the RRM issues we make the following observations:
Observation 3: Requirements in 36.133 are defined in a band agnostic way and cover the 5MHz channel bandwidth, hence, there is no need to define new requirements.   
Observation 4: If RRM requirements are to be explicitly tested for LTE450, all corresponding test cases have to be redefined for 5MHz channel bandwidth.

We would also like to point out that while the work is expected to be non-controversial the amount of work is high as the number of test cases to be duplicated is large.
On the demodulation and CSI feedback issues, we make the following observations:

Observation 5: The majority of demodulation tests are defined for channel bandwidth of 10 MHz and beyond.
Observation 6: If demodulation requirements are to be explicitly tested over LTE450, simulation and alignment of all demodulation performance requirements at 5MHz channel bandwidth is expected to take at least 6 months due to back office capacity limitations. 
Observation 7: If demodulation requirements are to be explicitly tested over LTE450, a conservative margin could be added to 5MHz relative to 10 MHz channel bandwidth for duplicated demodulation tests as an approach to manage the workload. 
Observation 8: If CSI feedback requirements are to be explicitly tested over LTE450, the requirements for static and frequency non-selective tests can potentially be reused for 5MHz after the testing condition is verified.

Observation 9: If CSI requirements are to be explicitly tested over LTE450, the requirements for frequency selective CQI and PMI tests need to be redefined for 5MHz.

In summary, there are multiple approaches to solve the LTE450 baseband performance verification coverage issue. If it is decided to duplicate all baseband tests for 5MHz, then a significant amount of meeting time and back office capacity should be allocated to this task in parallel to on-going Rel-11/12 WI/SIs.  If it can be assumed that LTE450 deployments have a significant fraction of multiple-band UEs, then it may be possible that no new tests are introduced since baseband requirements are band agnostic and all tests would be carried on other LTE bands supported by the UE. This would allow the quickest commercialization of this new band. In the case of single-band UE deployment, there are also other possible alternatives to introduce tests for 5 MHz but to do so in a way to manage the workload.  It is observed that a degree of confidence on baseband performance can be expected, but no guarantee is provided without introducing additional tests.
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