
3GPP TSG-RAN WG4 Meeting #67
R4-132688
Fukukoa, Japan, 20 -24 May, 2013
Agenda item:

5.3.2
Source:
Renesas Mobile Europe Ltd
Title:
Discussion on open issues for wideband RSRQ testing
Document for:

Discussion 

1. Introduction

In RAN4#67bis, wideband RSRQ was again extensively discussed and progress is captured in the agreed way forward [4]. Nevertheless, a number of open issues remain which are discussed in this contribution.
2. Discussion

During RAN4#67bis, wideband RSRQ was discussed, and a way forward was agreed in [1]. In summary, one main area of progress was that the test configuration was further agreed as highlighted in green. At the same time, the detailed test parameters Y, X, Ês/Iot2 and the nominal RSRQ value in the test need further discussion. 
	· RE config2 is used for wideband RSRQ testing
· Where, Config2 means that on victim cell, 

· CRS of antenna port 0 and 1 are transmitted 

· PSS/SSS/PBCH are transmitted 

· all other RE are set with zero power 

· Test parameters for Ês/Iot1 ≥ -3dB
· Y ≥ 5dB, X and Ês/Iot2 is TBD
· Exact value of Y, X, Ês/Iot2 will be decided in the #67 meeting (Fukuoka)
· There is no limitation for UE implementation in the number of RBs used for Wider bandwidth RSRQ measurements as long as it is greater than 6 PRBs.

· The basis for the Ideal wideband RSRQ value (under conditions where Io is not constant across the channel BW) is FFS

· Measurement accuracy is difference between Ideal wideband RSRQ and measured wideband RSRQ




Nominal RSRQ in the testcase

In earlier discussions in RAN4, it has been agreed that wideband RSRQ measurement BW is up to UE implementation, as has been indicated to RAN2 and RAN, CC to RAN1 in [2]
	· Measurement Bandwidth information

· Use existing parameter AllowedMeasBandwidth defined in TS 36.331 to inform UE about allowed measurement bandwidth.

· The actual measurement bandwidth is up to UE implementation


A discussion took place in RAN4#66bis about the nominal RSRQ in the testcase, as is captured in [1]. To investigate this issue further, we have performed analysis of the difference between NB-RSRQ and WB-RSRQ assuming different UE measurement BW. For this analysis, we have assumed that the impact of the P-BCH of the target cell being measured will be negligible (this is covered in further detail in a subsequent section). Moreover, PSS and SSS occur on non CRS symbols of the target cell being measured, so these never have impact to the RSSI being measured.

The analysis follows a similar approach to [3], namely we can define RSRQ measured over a measurement bandwidth of B resource blocks by
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Here we replace the allowed measurement BW (which we assume has previously been denoted by M in RAN4) with the UE implementation specific measurement BW B (B≤M, since the UE is not allowed to measure with more than the allowed measurement BW), and otherwise the basic forumulation is the same as that which has been used previously in RAN4, namely G denotes the number of non-zero-power REs per every 12 RE in one RB, and Es/Iot1 and Es/Iot2 denote the Es/Iot in the full measurement bandwidth and in the central N RB respectively. [image: image2.png]Difference between wideband and narrowband RSRQ (dB)
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Figure 1 : Difference between wideband RSRQ(6,15,25,50RB) measurement and narrowband RSRQ (6RB) for different Es/Iot2 in the proposed test setup.
For the purpose of analysis in this contribution, we focus on Es/Iot1=-3dB, N=6RB, G=4 symbols (CRS only transmission, PSS/SSS and P-BCH will be covered in a subsequent section). Essentially Es/Iot2 is varied for different settings of B. Although the values of some other parameters still need to be confirmed in RAN4, there has been interest in Es/Iot1=-3dB due to being able to apply ±2.5dB tolerance to the nominal RSRQ, and G=4 symbols maximises the difference between WB-RSRQ and NB-RSRQ and so is well aligned with the decision in RAN4#67 to use config-2 for testing. We also provide the asymptotic limits to which RSRQ tends when Es/Iot2=∞dB in table 1

	
	Asymptotic limit of RSRQ difference

	ΔRSRQ6 = RSRQ6-RSRQ6
	0dB

	ΔRSRQ15=RSRQ15-RSRQ6
	6.63dB

	ΔRSRQ25=RSRQ25-RSRQ6
	7.45dB

	ΔRSRQ50=RSRQ50-RSRQ6
	7.98dB


Considering that all of the wideband RSRQ measurements provide a result spanning less than 1.3dB, this confirms earlier RAN4 understanding that it is not necessary to mandate a particular UE measurement BW, provided that the UE measures with >6RB measurement BW, and does not exceed the allowed measurement BW. We would also note that the test configuration config-2 has been rather carefully selected by RAN4 to maximise the difference between narrowband and wideband RSRQ, and even in this carefully chosen configuration it is not possible to see a large difference between RSRQ15 and RSRQ50.
One benefit of allowing such flexibility is that if the UE is camped on a 3MHz or 5MHz serving cell, and performs inter-frequency neighbour measurements in measurement gaps, it would not be necessary to retune the RF reception BW to 10MHz even when wideband RSRQ measurements are enabled by higher layer signalling and allowed measurement BW for the target frequency being measured in the gaps is 50RB. Potentially this would allow better UE power consumption and improved cell detection performance due to faster gap reconfiguration (beyond the RAN4 minimum requirements).
Since the intention of the core requirements is to allow this UE freedom (as was previously informed to RAN2, RAN and CC to RAN1) we think that it is critical that test cases do not favour one particular implementation of UE measurement bandwidth. Indeed, it has been a guiding principle of RRM test cases in 25.133 and 36.133 since release 99 that the tests in annex A have a solid basis in chapter 1-9 core and performance requirements, and the core requirement should define the expected UE implementation, with the tests being a verification step to ensure that the core and performance requirements in chapters 1-9 are met. Favouring one particular measurement bandwidth in the test case (in other words, making it easier for UE that implement this specific measurement bandwidth to pass the testcase) is not reasonable given the earlier decision of RAN4 that the actual measurement bandwidth is up to UE implementation.
Observation 1 : Favouring one particular measurement bandwidth in the test case (in other words, making it easier for UE that implement a specific measurement bandwidth to pass the testcase) is not reasonable given the earlier decision of RAN4 that the actual measurement bandwidth is up to UE implementation.

Based on this observation, we conclude that the test should ensure Y≥5dB (2x2.5dB) for UE that choose B=15RB. From figure 1, this can be seen to be satisfied for Es/Iot2=8dB, so if for example this test point was selected, we would obtain the following nominal RSRQ measurements
RSRQ50=-14.04

RSRQ25=-13.56

RSRQ15=-12.82

RSRQ6 =-7.71

Since the UE tolerance due to baseband and RF measurement accuracy is ±2.5dB, suitable test limits can be derived as

Lower limit = RSRQ50-2.5dB = -14.04-2.5dB = -16.54dB

Upper limit = RSRQ15+2.5dB=-12.66+2.5dB = -10.32dB

At the same time, the lowest measurement expected from a UE performing 6RB measurements is -7.71-2.5dB= -10.21dB.
This hypothetical Es/Iot2=8dB test point has been selected to be able to just discriminate between UE that perform wideband RSRQ measurements with those that do not. However, increasing Es/Iot2 to a larger value would likely be beneficial from a testing perspective, since measures that increase the margin to differentiate good and bad UE implementation are beneficial from the context of reliable testing. The extent to which this is feasible depends on the core side condition Io1-Io2 for which the wideband RSRQ measurement is valid, which was discussed in RAN4#67bis, but not agreed.

Proposal 1 : In view of observation 1, WB-RSRQ is tested with a lower limit of eg RSRQ50-2.5dB and an upper limit of RSRQ15+2.5dB. It is expected that 90% of measurement reports are in this range.
Proposal 2 : Es/Iot2≥8dB (based on Es/Iot1=-3dB) ensures that the test can differentiate UE that perform WB RSRQ from UE that measure over 6RBs.

Restrictions on Io1-Io2
Earlier side conditions relating channel Io levels for measurement accuracy requirements have been specified only for interfrequency relative accuracy, eg | Channel 1_Io ‑Channel 2_Io | ( 20 dB for both RSRP and RSRQ relative accuracy requirements. The physical justification of this constraint relates to ensuring that the RF gain (AGC) setting is similar when both channels are measured, thus any uncertainties in RF gain setting in both measurements will tend to cancel out.

Considering the proposed requirements for wideband RSRQ, these also include a side condition 0 ≤Io1-Io2 ≤ TBD. Io1 is the Io level in the resource blocks other than central 6 resource blocks within the AllowedMeasBandwidth in TS 36.331 [2] and Io2 is the Io level in central 6 resource blocks. Before discussing the TBD value, it is necessary to get a better insight into the physical meaning of the side condition.
Since wideband power, Io is considered in the side condition, it can be expected that it primarily relates to AGC conditions. If there were a relative accuracy requirement (for example interfrequency) between narrowband and wideband RSRQ measurements then it would clearly be necessary to ensure that power differences are not excessive and indeed one could consider a side condition for an interfrequency requirement between a narrowband RSRQ measurement and a wideband RSRQ measurement such as |Channel 1_Io1 ‑Channel 2_Io|≤20dB. Our current understanding (based on the requirements proposed in [4]) is that RAN4 intends to define wideband RSRQ requirements somewhat independently of narrowband RSRQ requirements, meaning that the relative accuracy requirements ensure relative accuracy of narrowband RSRQ compared to narrowband RSRQ, and wideband RSRQ compared to wideband RSRQ, but there is no additional requirement for wideband RSRQ compared to narrowband RSRQ.

In this case, we can then expect that the Io1-Io2 side condition relates to AGC settings when a measurement is made on a single carrier, and this view is confirmed as it is also included in the absolute accuracy requirement (which applies to RSRQ on a single intra/interfrequency carrier).

If there is a very large power difference between the central 6 RB and the remaining RB, then we can assume that the AGC setting is dominated by the Io level in the resource blocks other than central 6 resource blocks. Since the RSRP and RSSI of the wideband measurement is also dominated by tones outside of the central 6RB, then in principle this power difference should not affect the UE ability to make accurate measurements. Naturally the UE receiver dynamic range is limited, and if an extreme power difference exists, the UE will experience reduced performance when it tries to decode PSS/SSS/PDCCH, PDSCH or P-BCH transmissions from the central resource blocks. We would emphasise however, that this discussion is in no way related to wideband RSRQ, and a release 8 UE which experienced an interference profile such as the ones that have been discussed in the wideband RSRQ discussion could also be expected to run into receiver dynamic range limitations on receiving the central RB in the end. Therefore we do not think that such a limitation needs to be expressed as a side condition of the measurement accuracy requirement, although we could expect that in extreme circumstances cell search would fail.

If the scenarios exist where Io2>>Io1 then there could be concerns that UE RF AGC setting would be dominated by the central 6 resource blocks (Io2) whereas the power of the resource blocks other than the central 6 RBs is more critical from an accurate measurement. Hence, we think it reasonable that RAN4 only specifies measurement performance for Io1-Io2 ≥0dB.

Based on these considerations, we think that it is reasonable to specify as a side condition that 0 ≤Io1-Io2, without addressing the TBD value for the positive values. This does not mean that UE will be able to cope with extreme positive Io1-Io2, on the contrary dynamic range restrictions have always, and will always exist in any practical receiver. However, we would like to emphasise that this is not a new issue introduced by the measurement of wideband RSRQ. Since wideband RSRQ should clearly not introduce any new RF requirements it would be misleading for RAN4 to specify any particular setting for the TBD value, especially as any expected issues would relate more to the cell detection and demodulation of the target cell, rather than the wideband measurement itself. If this is not acceptable to RAN4 then we think a detailed discussion of the physical meaning and origin of the Io1-Io2≤TBD restriction (similarly as we have speculated in this paper, but confirmed by other companies) would be needed, as well as careful analysis that the chosen value for TBD does not create any additional requirements for UE RF.

Hence we propsoe

Proposal 3a : RAN4 only specifies side condition 0 ≤Io1-Io2
Or

Proposal 3b : RAN4 has a detailed discussion of the physical meaning and origin of the Io1-Io2≤TBD restriction as well as careful analysis that the chosen value for TBD does not create any additional requirements for UE RF.

Impact of PSS/SSS and P-BCH
In the analysis thus far, the impact of PSS, SSS and P-BCH transmission on the target cell to be measured has been neglected. For the PSS and SSS, there is no impact to RSRQ because the PSS signal is mapped to the last symbol of slot #0 and slot #10 in each radio frame. The SSS is allocated in the symbol just before the primary synchronization signal. Since there is no CRS transmission in either the second last or the last symbol, and RSSI is expected to be measured on the same symbol as the CRS, PSS and SSS do not have any impact to the target cell RSSI as defined for RSRQ measurements. It should be noted that for UE inter-frequency measurements in configured measurement gaps, without DRX it would be unlikely that the UE makes measurements outside of the configured gap sequence, so some additional control of the timing of UE measurements may be possible. Nevertheless, since there is a UE capability for making measurements without gaps, the possibility that a UE makes use of symbols outside of measurement gaps cannot ever be entirely excluded. Thus we think the analysis is needed, although we also make the following proposal

Proposal 4 : Wideband RSRQ accuracy is tested in an interfrequency test where the measurement gaps are configured to avoid instances of P-BCH of the target cell.
Now we perform the analysis of P-BCH impact. The precise impact depending on when the UE implementation takes measurement samples for RSRQ. In earlier RAN4 studies, RSRP and RSRQ accuracy has been ensured by measuring RSRP and RSRQ with 40ms periodicity. Since the P-BCH signal is transmitted with 10ms periodicity, it is possible that by chance the impact of the P-BCH may occur in every measurement sample (affecting 1 of the 2 CRS symbols), in no measurement sample, or perhaps randomly with a probability of 5% (20 CRS symbols per frame, one of which coincides with P-BCH). Since P-BCH is always transmitted in the central 6RB the impact to wideband RSRQ can be anticipated to be small, but on the other hand it may be expected that narrowband RSSI increases, and hence 6RB RSRQ measurements can be significantly affected by the P-BCH assumption made. 
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K is defined as the P-BCH measurement sample utilisation factor (number of symbols containing P-BCH in UE measurement samples) and as discussed could reasonably be considered to be 0, 0.05, or even 0.5 to examine the limiting case that the UE measures every 40ms on the subframe containing P-BCH.
The factor (6/B) is included as the impact of P-BCH is reduced for UE making wideband measurements.

The factor (12-G)/12 is included so that CRS containing tones are not double counted.

Finally, it is assumed that P-BCH and CRS are transmitted with equal power per sub carrier, which is likely from a testing perspective.

In figures 2 and 3 we show the impact of different PBCH utilisation factor K to the expected RSRQ for different UE measurement bandwidths up to 50RB.
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Figure 2 : Impact of P-BCH to RSRQ, K=0.05 (equivalent to random UE sample instants)
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Figure 3 : Impact of P-BCH to RSRQ, K=0.5 (equivalent to UE always sampling RSRQ measurements at the time P-BCH is transmitted)
From figures 2 and 3, we observe

· The main impact is to the 6RB RSRQ measurement, naturally as UE measurement bandwidth increases, the impact of target P-BCH becomes small since the P-BCH signal is contained in the central 6RB

· For UE random sample instants, the impact of P-BCH is anyway negligible, even for 6RB measurements (reduces narrowband RSRQ by approximately 0.4dB at most)

· For to UE always sampling RSRQ measurements at the time P-BCH is transmitted, the impact to narrowband RSRQ can be significant (up to 3dB reduction in RSRQ)

· For to UE always sampling RSRQ measurements at the time P-BCH is transmitted, the impact to 15 RB RSRQ is small (up to 0.4dB reduction in RSRQ)

· This reduction in RSRQ would not cause a good UE measuring with 15 RB to fail the test under proposal 1, because the 15RB RSRQ is still larger than the 50RB RSRQ with no P-BCH impact

· For to UE always sampling RSRQ measurements at the time P-BCH is transmitted, the impact to 50 RB RSRQ is negligible (approximately 0.08dB). This is sufficiently small to ignore in the setting of the lower test limit.

Based on the observations, there should be very little impact to a good UE (ie a UE that makes wideband RSRQ measurements). However, it should be recognised that a bad UE (ie one that makes narrowband measurements) that makes a very specific sampling of RSRQ measurements (always capturing P-BCH in the measurement sample) could be “assisted” by the P-BCH in passing the testcase. Or put another way, for such a UE, the difference Y between wideband and narrowband measurements is limited to around 3.6dB (assuming here that wideband measurements means 15RB measurements without P-BCH impact). Since Y<5dB, there is a small possibility that a UE measuring narrowband RSRQ could pass the wideband RSRQ test case. However we think that in practice this is extremely unlikely for two reasons

· The reduction in RSRQ only occurs when P-BCH is always included in the RSRQ sample. For UE requiring gaps, the test equipment most likely controls the measurement timing via its gap configuration and the problem can be avoided entirely according to proposal 3

· For UE not requiring gaps for measurements, or otherwise being able to measure out with the indicated gap pattern, a significant negative bias to the reported RSRQ measurements along with a small variance would be needed to ensure that it does not fail the test case.

Since the principal focus of RAN4 should be in specifying the performance of good UE, rather than defining test cases which may address a hypothetical special case of bad UE implementation we propose
Proposal 5 : PSS/SSS/P-BCH are transmitted by the target cell as agreed in [1]. They do not have any impact to the test requirements for wideband RSRQ.
3. Conclusions

In this contribution we discuss three remaining topics related to WB-RSRQ measurement and testing in RAN4. First we discuss the bandwidth of wideband RSRQ, and we note that in earlier discussions, the measurement BW was left up to UE implementation. Clearly 6RB measurement is not WB-RSRQ, and similarly the UE cannot measure over a greater bandwidth than AllowedMeasurementBW. This understanding of WB-RSRQ has been informed to RAN, RAN1 and RAN2. Based on this, we make the following observation:
Observation 1 : Favouring one particular measurement bandwidth in the test case (in other words, making it easier for UE that implement a specific measurement bandwidth to pass the testcase) is not reasonable given the earlier decision of RAN4 that the actual measurement bandwidth is up to UE implementation.

To address this in the test case, we propose:
Proposal 1 : In view of observation 1, WB-RSRQ is tested with a lower limit of eg RSRQ50-2.5dB and an upper limit of RSRQ15+2.5dB. It is expected that 90% of measurement reports are in this range.


Based on our evaluation of the test parameters, and additionally as an outcome of proposal 1 we further propose:
Proposal 2 : Es/Iot2≥8dB (based on Es/Iot1=-3dB) ensures that the test can differentiate UE that perform WB RSRQ from UE that measure over 6RBs

Next we discuss possible side conditions on Io1 –Io2 related to aspects of UE AGC implementation. We note that Io2>>Io1 would be a challenging condition to make accurate UE measurement based on considerations that Io2 dominates the AGC setting, but Io1 relates to the wideband measurement accuracy. As this scenario seems unlikely based on the deployments that have earlier been considered in RAN4, we confirm the earlier view in RAN4 that 0 ≤Io1-Io2 is a reasonable side condition. Considering the opposite condition that Io1>>Io2, we note that the specific issues that could be expected relate more to cell detection or demodulation of PDCCH/PBCH/PDSCH in the central 6RB, rather than to wideband measurements. Such interference profiles would be expected to cause similar issues to release 8 UEs and are not specific to wideband RSRQ measurements. Therefore we do not think it is suitable to capture such a side condition in wideband RSRQ requirements. Since this is based on our understanding and analysis of the physical meaning of the side conditions, an alternative could be that RAN4 carefully discusses the origin of the side conditions before assigning a value to the TBD. At any rate, it would be important to confirm that RAN4 does not inadvertently introduce some new UE RF requirements when introducing wideband RSRQ. Hence we make 2 alternative proposals

 Proposal 3a : RAN4 only specifies side condition 0 ≤Io1-Io2
Or

Proposal 3b : RAN4 has a detailed discussion of the physical meaning and origin of the Io1-Io2≤TBD restriction as well as careful analysis that the chosen value for TBD does not create any additional requirements for UE RF.

Finally, we consider the impact of the P-BCH in the testcase, which is shown to be negligible for UE that make wideband measurement, but depending on the RSRQ measurement sampling instants it may have an impact on the measurement performance of a bad implementation that does not perform wideband measurements. Since RAN4 does not focus requirements on verifying the absence of a particular bad behaviour and our analysis indicates that the P-BCH should not affect the ability of any good implementation to pass the testcase we make two proposals 

Proposal 4 : Wideband RSRQ accuracy is tested in an interfrequency test where the measurement gaps are configured to avoid instances of P-BCH of the target cell.
Proposal 5 : PSS/SSS/P-BCH are transmitted by the target cell as agreed in [1]. They do not have any impact to the test requirements for wideband RSRQ.
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