3GPP TSG-RAN WG4 Meeting #51bis

R4-092399
Los Angeles, USA, Jun 29-Jul 2, 2009
Agenda Item:
6.1.2.10
Source: 
Motorola 
Title: 
Impact of HeNB interference on paging channel performance
Document for:
Discussion
1. Introduction
Co-channel and shared channel home-eNB (HeNB) deployments where at least a part of the deployed BW is shared with macro-cells are considered to be high-risk scenarios from interference point-of-view [1]. When UEs served by or camped on a macro-cell roam close to a HeNB, the downlink of the macro-cell can be severely interfered with, thereby, degrading the performance of downlink channels. The problem can be especially severe in idle mode when the existing reselection triggering mechanism based on RSRP might be inadequate [2-4]. The existing mechanism might lead to missed paging for a large percentage of users [3]. In this contribution, we discuss the impact of HeNB interference on paging channel reception on UEs camped on a macro-cell and consider a proposal for mitigating the severity of this problem in Rel-9.
2. Background
In a heterogeneous network comprising macro cells and HeNBs/CSG cells that have overlapping BW with macro-cells, certain interference problems can arise. One such interference problem is depicted in Fig. 1, where the downlink (DL) transmission from a macro-eNB (MeNB) to a UE that is close to, i.e., within signal range of, a HeNB is severely interfered from the DL transmission from the HeNB. This case has been identified as interference scenario 2 in [1].

In particular, when the UE (referred to as macro-UE or MUE in the sequel) is in idle mode, this might mean missed paging and the associated consequences (eg. missed network-originated calls, etc.). The problem becomes especially severe when the MeNB signal is weak in scenarios where the HeNB is far away from the MeNB (eg. HeNB close to the macro-cell edge). 
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Figure 1. DL interference from HeNB to MUE

Techniques for adaptation of DL transmit power by the HeNBs along the same lines as that adopted in [1] are likely to be investigated further for mitigating this problem. However, this alone might not be sufficient. Several approaches have been considered in the LTE context in both RAN WG2 and WG4 to specifically address this problem. One approach is based on HeNB signaling of an intra-frequency reselection indicator (IFRI) bit in its system broadcast which would trigger an inter-frequency reselection and barring of the serving cell frequency layer when the MUE approaches the HeNB [2]. Another approach is based on the incorporation of RSRQ-based reselection triggering mechanism together with the existing RSRP-based mechanism in Rel-8. In the sequel, we discuss these methods further.
3. IFRI method
In [2], a mechanism where a UE camped on a MeNB attempts to reselect to a different carrier, i.e., performs inter-frequency reselection upon detecting that the intra-frequency reselection indicator (IFRI) bit is set by a HeNB that is on the same carrier as the MeNB. This method can be conditionally enabled when the UE roams close to the signaling range of the HeNB based on the pathloss measurments. The IFRI bit, if set, indicates that the HeNB is loaded and can likely interference with the MeNB DL. If the bit is set, the UE attempts an inter-frequency reselection and/or bars the shared carrier frequency for a fixed duration (e.g., 300 sec) from reselection. However, the need to read IFRI bit means that every Rel-9 UE is required to decode the SIB transmission from the HeNB (when it detects that it is close to a HeNB). This is an added processing requirement on the UE in idle mode which adds to power consumption particularly when the UE can deduce that the HeNB belongs to closed subscriber group from its physical cell identity (PCID). Apart from this issue, it has been noted in [4] that, even with DL power adaptation, there are still a large percentage of users that either unnecessarily trigger a reselection when the signal conditions are still good or do not trigger a reselection even when the signal conditions severely deteriorate when the IFRI method used. 
4. RSRQ-based reselection
In [3], it has been suggested that adding a RSRQ-based triggering mechanism in addition to the existing RSRP-based triggering in Rel-8 can significantly mitigate the problem. In this proposal, RSRQ is used as a metric for detecting a DL signal quality problem arising out of large interference from HeNB transmissions. The UE is required to monitor both RSRP of the serving cell and the RSRQ, and if either metric drops below the respective thresholds, a reselection evaluation is triggered. 
Although, RSRQ can be used as indication of the DL signal quality, one of the problems associated with this metric arises from the way it has been in defined in Rel-8 [5]. The RSSI measurement, as part of the RSRQ computation, is required to be performed on the same set of resource blocks as that used for measuring RSRP. Since, the used measurement bandwidth can be anywhere from 6 PRBs to allowedMeasBandwidth (defined in TS 36.331) depending on the vendor-specific implementation, the measured RSRQ can either be a narrow-band measurement or a wideband measurement or something in between. In [5], RSRQ is however defined only for connected mode. RSRQ in idle mode can re-defined as wideband measurement to more accurately reflect the DL signal conditions. However, in the next section, we discuss why even with this, there are potential problems associated with this metric.

5. Paging channel reception in idle mode
Paging channel is the most important channel that the UE has to monitor in idle mode. Failure to decode the paging channel results in high probability of missed pages from the network and in missed NW-originated call. 

In Rel-8, the UE detects a paging-radio network temporary identifier (P-RNTI) by decoding a valid PDCCH Format 1C grant transmitted on subframes corresponding to paging occasions (PO) that occur every DRX period (eg. 1.28 s).  Whether or not there is a P-RNTI transmission in a PO is determined from a successful cyclic redundancy check (CRC) of PDCCH DCI Format 1C in that sub-frame.  Both in coverage-limited and interference-limited scenarios, PDCCH reception is the likely bottleneck. The error event associated with decoding of the paging channel transmitted on PDSCH is typically dominated by the decoding error of PDCCH format DCI 1C that is used to address the paging channel. 
If the UE is paged to indicate a NW-originated call, the UE would typically have to read the system information blocks (the ones that are necessary, but, not already read) and send a RACH on the uplink. The successful reception of a RACH signal at the eNB is indicated as a RACH-response from the eNB. Both SIB-x and the RACH-response message are embedded in PDSCH, the resource allocation for which is signaled through PDCCH DCI format 1C.

Therefore, if the UE fails to decode PDCCH format 1C reliably, it cannot receive paging channel or establish a connection in response to a NW-originated call or leave idle mode. 

6. HeNB deployments with partial BW overlap

In Rel-9, it is likely that there will be HeNB deployments where the HeNB DL bandwidth has only a partial overlap with the macro-cell DL bandwidth. The following scenarios where partial overlap occurs can be envisaged.

· The center frequency of the HeNB is offset by at least 6 PRBs from the macro-cell frequency layers, but with overlapping bandwidths as shown in Fig. 2. The offset is enabled to avoid MeNB—HeNB interference on SCH/MIB channels.
· The DL bandwidth of a HeNB is not equal to the DL bandwidth of the macro-cells.

· Fractional frequency reuse (which is being investigated) where a certain HeNB may use only a portion of the available bandwidth configured semi-statically or dynamically is enabled.

This means that, in these cases, only a portion of the macro-cell bandwidth suffers from interference from HeNB DL. The resource element groups (REGs) associated with PDDCH transmission are interleaved across the entire DL transmission bandwidth. It was noted in [6] that PDCCH decoding based on wideband interference measurement leads to highly degraded performance particularly when the macro-cell BW is jammed by a high-power subband interferer. In particular, when heavy code protection is used (eg. aggregation level 4 or 8) on the PDCCH codeword, it is possible to decode the control channel with a small degradation if subband interference measurement is used as opposed to a wideband measurement in decoding. In other words, the paging channel addressed by PDCCH format 1C can be reliably received by a UE in idle mode camped on a macro-cell, if
· suitable code protection or aggregation level is used, and

· subband interference measurement is employed.

In such scenarios, methods based on wideband interference measurements do not accurately capture the impact of interference on the reliability of paging channel reception.
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Figure 2 (Figure 5.1.4-3 from [1]). Spectrum arrangement for EUTRAN
As noted in the previous section, the interference measurement to be used in RSRQ computation is not well defined. Even if we were to define RSRQ as a wideband measure, it still does not provide an accurate indication of the quality associated with paging channel reception because of frequency-selective nature of interference in HeNB deployments. 
Further, there are other factors that influence the control channel decoding reliability like

· transmit antenna configuration (SIMO, SFBC or SFBC-FSTD),

· PDDCH power boost used,

· number of control symbols used,

· CCE aggregation level used,

that the RSRQ metric cannot take into account. 

In the next section, we propose an alternate metric that can be used instead of RSRQ and that can more accurately reflect the paging channel quality.

7. Paging performance prediction
As described in the last section, paging channel is addressed by PDCCH format 1C. PDCCH is the likely bottleneck in both coverage-limited and interference-limited scenarios. Therefore, if the UE were to reliably predict the performance of paging, it can then use this as the basis for identifying DL signal quality problems where the paging channel is likely to fail.
There are a few reasons why accurate paging performance prediction is feasible.
1. Link quality prediction methods like EESM, MMIB, etc. have been shown to be quite accurate in estimating the block error rate (BLER) of coded packet transmissions in an OFDM link. These methods can naturally fold in the impact of transmit antenna configuration (SIMO, SFBC or SFBC-FSTD), PDDCH power boost, number of control symbols and CCE aggregation level used into the performance of PDCCH DCI format 1C transmission.

2. In heterogeneous deployments where there are HeNB transmissions with partial BW overlap, frequency selective interference on the DL can be estimated on subband basis. The impact of narrowband interferers on wideband PDCCH signaling can be accurately captured if subband interference estimation were to be used.
3. PDCCH DCI format 1C performance is indicative of paging channel performance in most scenarios. DCI format 1C transmission quality prediction can be carried in a manner similar to what is currently being done for in-sync detection as part of radio link monitoring in Rel-8. The block error rate (BLER) associated with a hypothetical 1C transmission can be computed from RS-SINR evaluated on a subcarrier or a subband level. The transmission parameters associated with the hypothetical PDCCH can be chosen to be either the best case parameters (eg. +4 dB PDCCH power boost) or normal case transmission parameters (eg. 0 dB PDCCH power boost) similar to what was adopted for in-sync detection in radio link monitoring.

It is proposed that 
Proposal 1: Paging channel prediction based on PDCCH DCI format 1C be adopted for triggering reselection in Rel-9.

In particular, it is proposed that the UE,

1. monitor the paging channel performance by predicting the BLER of the serving cell PDCCH DCI format 1C based on RS-SINR computed over the paging occasions (i.e., on-periods once every DRX),
2. trigger reselections where the S-criterion for inter-frequency reselection is modified to: trigger a reselection evaluation if either the RSRP drops below a threshold or if BLER exceeds a certain threshold.

In Rel-8, idle mode reselection comprises two steps.

Step 1. The need for reselection evaluation is triggered by RSRP thresholding (S-criterion)

Step 2. Once reselection evaluation is triggered, the ranking of neighbor cells is carried out based on RSRP.

The proposed modification only applies to step 1 where reselection evaluation is triggered using the predicted PDCCH DCI format 1C reception quality. The rest of reselection process where ranking is carried out based on RSRP (step 2) would remain unchanged in Rel-9.

Similar to the RSRQ-based reselection proposal, the interference measurements required for BLER computation can be aligned with the paging occasions or the on-periods once every DRX. Therefore, the power consumption impact is likely to negligible.
The hardware impact of modifying the S-criterion (step 1) appears to be minimal. Rel-8 UEs are already required to have modules for monitoring the quality of hypothetical PDCCH DCI format 1C transmission as part of the in-sync requirements in radio link monitoring. The additional requirement is that subband interference measurements are necessary for accurate link quality prediction.
Simulation evaluations on the efficacy of this proposal (as opposed to the IFRI or RSRQ proposals) are awaited. We note however that when the HeNB DL bandwidth is exactly identical to the macro-cell bandwidth, this proposal and the RSRQ proposal are likely to perform similarly. 
8. Conclusion
In this contribution, we discussed the problem of DL interference on a UE camped on a macro-cell from HeNBs that results in paging channel failure. We discussed some limitations of the IFRI and RSRQ proposals that are being considered from Rel-8. We provided an alternative proposal based on methods already adopted in Rel-8 for addressing this problem. We propose that RAN4 consider this approach in further discussions on this topic. 
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