
3GPP TSG-RAN WG4 #50bis
R4-092528
June  29th – July 2nd, 2009

Los Angeles, CA, USA
Agenda item:
6.1.2.10
Source: 
Qualcomm Europe

Title: 
Handling of non-allowed CSG cells
Document for:
Discussion
1. Introduction 

In [1], RAN2 asked RAN4 to evaluate non-allowed CSG handling schemes. In this paper, we discuss the interference impact and evaluate alternative solutions.
2. UL interference
The UL interference from a non-allowed UE to a close-by CSG cell is proportional to the coupling loss difference between the serving link (UE-macro) and the interfering link (UE-CSG). In the case where a UE receives similar signal level from a macro and a non-allowed CSG cell, the coupling loss difference could be close to the Tx power difference of the macro and CSG cells.
Compared to the DL control / CRS / PBCH channels of a non-allowed CSG cell, however, the UL traffic/control duty cycle and allocated bandwidth of a non-allowed UE can be smaller. Hence the probability of a macro UE jamming the UL channel of a non-allowed CSG cell is smaller. 
In some cases, UEs served by CSG cells could also cause UL interference to macro eNBs. When a macro UE starts UL transmission to the serving macro eNB, a close-by CSG may observe a significant increase of interference. If the CSG cell power controls an active home UE to meet a fixed SINR target in the presence of macro UE interference, there could be power racing between the home and macro UEs.
Note that in the case where a macro UE does cause severe UL interference to a non-allowed CSG cell, the home UE connected to that CSG cell could always hand over to a macro cell on the same frequency or the lower-priority frequency.

2. Alternatives

RAN2 identified alternatives for non-allowed CSG cells.

1. Interference (RSRQ) in reselection algorithm: In this proposal one would add RSRQ in the reselection algorithm. 
The fundamental issue of non-allowed CSG cell handling is excessive interference due to restricted association. Current cell reselection based on RSRP does not capture the interference level, where a high RSRP level does not necessarily lead to good SINR. In [2], it was shown that RSRP based selection algorithm leads to 20% to 40% outage for idle macro UEs. It was also shown that RSRQ based reselection algorithm eliminate the outage.
There has been comment on the sensitivity of RSRQ to the load in neighboring cells. Since load affects both RSRQ measurements and control channel, reselection due to load change would also benefit the control channel performance. 

When the UE makes measurements, it typically takes time samples as opposed to performing the measurements continuously.  The sampling in time can be sparse, especially in idle mode, where the measurement duty cycle can be, for example, 1.28s or 2.56s.  Therefore, there is a chance that the samples taken do not represent the longer term average SNR, therefore there is a risk that the UE performs unnecessary idle mode inter-frequency handovers just because the DL load (in the interfering cells) in the measurement slots was higher than their average. 

It should be pointed out; however, that for the UE operating in idle mode, the only observation available to receive paging information are those that are used for measurements.  Therefore it would not make the current link on the serving frequency any more suitable if there were other slots where the signal quality would be better than in those where the UE looks for paging.  Because of this reason, the subsampled signal quality measurements, irrespective of not being representatives of statistically accurate average SNR, are the correct metric to determine the suitability of the current link for paging reception. Proper parameter setting could be used to reduce the measurement variation in RSRQ. For example, Treselection could be set to a large period to ensure that more interference averaging is captured in the measurement.
Since the purpose of idle mode RSRQ measurements is to detect out-of-coverage situation in the context of control signal reception, rather than to perform load balancing, our conclusion is that the RSSI variation is time due to load variations do not negate the usefulness of RSRQ measurements.
2. Barring the frequency: Change the current behaviour such that if the UE reselects a non-allowed CSG cell the UE will bar the whole frequency layer for 300 seconds.
In the case of single frequency deployment, the only available frequency will be bared for 300 seconds when a CSG cell is ranked the highest. Note that a non-allowed UE is not necessarily in outage when a CSG cell is ranked the highest. Barring the frequency effectively causes outage to UEs who have otherwise acceptable channel condition. For stationary users, such neighbors of a CSG cell user, the outage caused by barring the frequency could be persistent.
In a multi-frequency deployment, this proposal would lead to unnecessary cell reselection for the same reason that a UE is not necessarily in outage. In [3], the performance of barring the frequency has been evaluated in a mixed macro and CSG deployment. It was shown that barring the frequency eliminates many outage scenarios. However, compared to RSRQ based algorithm the approach of barring frequency cause noticeable unnecessary reselections.  
3. Pathloss based solution: In this solution UE bars or de-prioritizes (as in solution 5) the serving frequency if 
a. the macro cell pathloss is greater than a threshold and the non-allowed CSG cell is the highest ranked, or
b. the macro cell pathloss is not greater than the threshold and the non-allowed CSG cell is the highest ranked after applying a negative bias,
The negative bias and the threshold are assumed to be signaled to the UE. 
This solution proposes two categories of solutions. In the first category, the UE is outside a certain macro UL coverage defined by a path loss threshold. In this case, when a non-allowed CSG cell is the highest ranked in RSRP, the UE bars or de-prioritizes the serving frequency.  In the second category, the UE is inside that macro UL coverage. In this case, only when a non-allowed CSG cell is highest ranked after a negative bias, the bars or de-prioritizes the serving frequency. 

Compared to solutions 2 and 5, this proposal is less likely to invoke frequency barring/de-prioritizing when a UE is within certain UL coverage of a macro cell. For DL outage, this solution may degrade the system performance with additional UL coverage restrictions. For UL interference, the benefit of this proposal is not clear. Although path loss information could be used for UL interference management, UL interference is not only a function of macro cell path loss but also the CSG cell path loss. Since the Tx power of a CSG cell could be adaptive, it would be difficult to infer the path loss between a UE and a non-allowed CSG cell based on RSRP ranking. 

In addition, we concluded in section 2 that UL interference is less critical compared to DL interference in the context of coverage enhancement.

4. RSRP difference: If the difference in RSRP between the current serving cell and the non-allowed CSG cell becomes less than a configurable parameter (sent on macro or in the CSG cells), the UE shall re-select to another frequency or RAT

This solution is an optimization of solution 2, hence shares the same issue of outage in a single frequency deployment. The RSRP difference enables the tradeoff of unnecessary reselection and UEs remain in outage. In [3], the performance of RSRP difference threshold based approach was simulated. It was shown that this solution offers more flexibility compared to solution 2. 
Note that RSRP difference is a metric of two entities, namely, the serving macro link and the dominant CSG interfering link. In a multi-cell environment, the RSRP difference does not capture the proper control/paging channel reliability. As a result, optimizing this threshold does not necessarily yield better reselection/outage tradeoff.
5. Deprioritization of mixed layer: A UE that ranks a non-allowed CSG as the best cell considers the frequency of this CSG to be the lowest priority frequency
Compared to solution 2, this solution does not have the single frequency deployment outage issue. Instead of barring the frequency, a UE could still be served on current serving frequency even after de-prioritizing it to the lowest priority frequency.

Solution 5 is identical to solution 2 in a multi-frequency deployment. Hence it shares the same issue of unnecessary cell reselection for UEs in acceptable channel condition.
3. Conclusions

In this contribution, we analyzed the questions and solutions raised by RAN2 on non-allowed CSG handling. We conclude that RSRQ is the most suitable in the candidate solutions. Given the Rel 8 ANS.1 freeze, cell reselection based on RSRQ with a fixed threshold could be used for CSG scenarios. A draft response to RAN2 is proposed in [4] for consideration.
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