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1. Introduction
In RAN4#57, companies agreed to the following way forward [1]:
· RRM performance  requirements for RRC_IDLE must be addressed under time varying interference
· RAN4 will consider UE power consumption issues in the derivation of eICIC requirements for idle mode. The impact on UE power consumption should be minimized.
· RAN4 will continue discussions on RRC_IDLE requirements also considering the paging reliability issue
Also, in the same meeting, several eICIC TDM patterns for RRM/RLM evaluations were agreed both for FDD and TDD [2][3]. In this contribution, we provide some initial results on the impact on UE power consumption of TDM pattern-based measurements in RRC_IDLE mode. 
2. Potential Impact to Idle Mode Implementation

In addition to monitoring paging occasions (PO) for potential paging DCI 1C grants once every DRX cycle in idle mode, a UE must also perform intra-frequency, inter-frequency and inter-RAT cell search and monitoring in order to meet the idle mode core requirements specified in TS 36.133. At the moment, eICIC TDM pattern-based measurements are being considered only for the intra-frequency case for Rel-10 while inter-frequency measurements are TBD. In addition, inter-RAT measurements of the LTE carrier when the UE is camped on a GSM/UTRA/cdma 1x cell are TBD as well (and appear unlikely in Rel-10 timeframe). It is unclear at the moment how RAN4/RAN2 will proceed on inter-frequency and inter-RAT measurements but, for the purposes of this contribution we will assume that eICIC TDM pattern-based measurements are applicable only to intra-frequency measurements and not to inter-frequency measurements.

The impact of TDM pattern restrictions to idle mode measurements can be illustrated by the schematic in Fig. 1. Suppose that the measurement subframe for a neighbor cell that must be measured does not fall within UE’s wakeup window (assuming no TDM pattern restrictions), the UE must either extend its wakeup window or must go to sleep and wake up again in order that the neighbor cell can be measured. Clearly, the impact of UE extended wakeup is a function of the measurement subframe (or ABS) density in the TDM pattern. On an average, the impact is lower when there are more measurements opportunities.
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Fig. 1. Extended UE wakeup in idle mode due to TDM pattern restrictions

3. Idle Mode Monitoring Requirements

UE implementations for idle mode monitoring are proprietary and highly optimized to minimize UE battery consumption. Typically, implementations try to achieve a trade-off between meeting requirements above and beyond the minimum conformance requirements (i.e., TS 36.133/36.304) and increasing LTE standby time (as this has a bearing on user experience). However, the minimum performance requirements for idle mode necessitate the following tasks:

i. measure RSRP/RSRQ for detected intra-frequency cells and perform cell identification once every DRX cycle when the serving S-cell criterion is not met (i.e., UE moving out-of-coverage of serving cell)

ii. measure inter-frequency cells once every DRX cycle when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ
iii. measure inter-RAT UTRA cells in conformance with the TmeasureUTRA and TevaluateUTRA requirements as per TS 36.133 when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ
iv. measure inter-RAT GSM cells in conformance with BSIC identification and TmeasureUTRA and Tmeasure,GSM requirements as per TS 36.133 when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ
v. monitor higher priority layers for inter-frequency and/or inter-RAT cells once every 60 s.

Clearly, how often inter-frequency and inter-RAT reselection evaluations are triggered and for how long they continue to be performed are functions of network-configured S-cell and SnonIntraSearch parameters. Dynamic system simulations modeling UE mobility with realistic network settings are necessary to obtain a precise understanding of the UE power consumption increase due to TDM pattern-based measurements. However, as a first order approximation, a duty factor analysis (i.e., estimating the increase in the UE idle mode wake ups due to restricted subframe measurements) can provide some insights into the issue. When there are no higher priority layers configured, a UE is typically performing no reselection evaluation (when serving S-cell criterion is met, i.e., UE is in good coverage of its serving cell). When the UE starts moving out of coverage, it starts performing intra-frequency reselection evaluation. Typically, the thresholds are set such that inter-frequency and inter-RAT reselection evaluations are triggered later than intra-frequency reselection evaluation. As a consequence, some in
sights into the first order effects can be obtained by studying the intra-frequency case. 

The average idle mode power consumption numbers were estimated under different scenarios:
i. Case I: UE monitoring 1 intra-frequency carrier

ii. Case II: UE monitoring 1 intra-frequency carrier + 1 inter-frequency carrier

iii. Case III: UE monitoring 1 intra-frequency carrier + 1 inter-RAT UTRA carrier

iv. Case IV: UE monitoring 1 intra-frequency carrier + 1 GSM RAT (with 12 BCCH carriers)

Four TDM patterns from [2] were considered:

FDD 1/8: [10000000, 10000000, 10000000, 10000000, 10000000 ]
FDD 2/8: [11000000, 11000000, 11000000, 11000000, 11000000 ]
TDD 1/10: [0000100000, 0000100000, 0000100000, 0000100000],

TDD 2/10: [0000110000, 0000110000, 0000110000, 0000110000],

where bit ‘1’ indicates a measurement subframe (e.g.,, ABS of a strong CSG femto cell) and bit ‘0’ indicates a non-ABS subframe.

The increase in the wake up duration on account of restricted subframe measurements was estimated assuming that at least 2 normal subframes (i.e., 8 CRS-bearing OFDM symbols) are necessary for constructing one RSRP/RSRQ measurement. Table 1 shows the relative idle mode power consumption values for these cases in a 24 hour cycle based on this type of duty factor analysis. The terms
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 are positive quantities (such that each of them is >1). 
These results indicate that, for the TDM patterns considered, there is a 24-129% increase in idle power consumption due measurement restrictions for the most typical configurations even when modest requirements on the number of CRS-bearing OFDM symbols are assumed (i..e., we assume that one RSRP/RSRQ measurement requires 2 normal subframes instead of 5 subframes that RAN4 typically assumes). 
Table 1. Relative idle mode power consumption

	
	No restriction
	FDD 1/8
	FDD 2/8
	TDD 1/10
	TDD 2/10

	Case I (intra)
	1
	1.714
	1.571
	2.286
	1.714

	Case II (intra + inter)
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	1.357
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	1.286
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	1.643
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	Case III (intra + UTRA)
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	1.294
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	1.235
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	Case IV (intra + GSM)
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	1.315
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	1.252
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	1.567
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In light of these results, RAN4 must consider these related issues:

(1) TDM patterns are bit-patterns of length 40 and the network has the flexibility to signal any of the 2^40-1 patterns for measurements. From these results, even patterns with substantial ABS density (12-20%) such as the ones in [2] can lead to a significant power consumption increase. It is easy to see that arbitrary and irregular patterns of length 40 with a lower ABS desnsity can lead to an even larger power consumption increase. 
(2) Further, RAN2 is considering signaling different TDM patterns for different sets of neighbor cells (possibly based on PCID). Clearly, this would impose additional requirements on idle mode monitoring potentially leading to a further increase in wake ups..
(3) UE RRM in connected mode DRX (when medium or long DRX cycles are configured) is somewhat similar to idle mode monitoring. Similar impact to UE power consumption is expected for connected mode DRX operation as well.

4. RAN4 Specification Impact

As part of the core and performance requirements of eICIC work item, RAN4 already has the following tasks:

i. specify CSI requirements based on 2 TDM bit-patterns (pending RAN1 conclusion on the topic) 
ii. specify RLM requirements based on 1 TDM bit-pattern

iii. specify RRM connected mode requirements based on 1 or 2 TDM patterns (the actual number of patterns and whether PCID-based patterns will be signaled is pending RAN2 decision).

These constitute significant RAN4 work load given that the completion date of the work item (performance part) is June 2011. 

Idle mode requirements need careful consideration in light of the power consumption considerations raised in this contribution and the paging channel reliability, PBCH and SCH issues [4],[5]. Specifying idle mode requirements without carefully understanding these aspects might lead to RAN4 spending considerable amount of time specifying a feature (and the corresponding core and performance requirements) that might not get deployed in Rel-10. We recommend that RAN4 study these aspects and potentially involve other working groups (e.g., RAN1 especially for the paging channel reliability, PBCH and SCH issues) before concluding on idle mode requirements for Rel-10.
5. Conclusions

In this contribution, some initial results on the power consumption impact of restricted subframe measurements in idle mode were presented. It was observed that there can be a significant increase in power consumption (and a proportional decrease in UE’s LTE standby time) due to TDM pattern restrictions. In light of RAN4 workload for Rel-10 and the fact that the paging channel reliability, PBCH and SCH issues have not been addressed, RAN4 must consider whether or not idle mode requirements should be specified in Rel-10 time frame.
6. References

[1] R1-104943, Way forward on eICIC RLM RRM requirements, Qualcomm Incorporated. 
[2] R1-104939, eICIC Ad Hoc Agreements, Qualcomm Incorporated. 
[3] R4-104932, Way Forward on Candidate TDM Patterns for Evaluation of eICIC Requirements, Ericsson, ST-Ericsson.

[4] R4-104648, Paging Channel Reliability Issue in Idle Mode and ABSF Patterns, Motorola.
[5] R4-104746, Updated Downlink Performance Results for eICIC, Motorola.







_1356163940.unknown

_1356163987.unknown

_1356163994.unknown

_1356163968.unknown

_1356163981.unknown

_1356163954.unknown

_1356163901.unknown

_1356163929.unknown

_1356163884.unknown

