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1. Introduction

Various options to account for paging reception in LTE_IDLE by a 10 MHz UE operating in 20 MHz cell transmission bandwidth were discussed in previous RAN2 meeting [1]. In this document we further shed light on this issue, discuss several possible possibilities and provide a way forward that could address this scenario.  

2. Operation of 10 MHz in 20 MHz Cell Bandwidth
Figure 1 shows a typical scenario, where a minimum bandwidth capable UE (10 MHz) is operating in 20 MHz cell bandwidth. Figure 1 shows an example of 10 MHz UE with two different positions in the frequency domain: lower (left) 10 MHz or upper 10 MHz (right). As discussed extensively in RAN1/RAN2/RAN4 [2] [3], a 10 MHz UE within 20 MHz cell bandwidth, shall be placed at a limited positions, namely two or three. In this scenario, the UE in LTE_IDLE mode should be able to receive the paging. Different paging options, their benefits and drawbacks are discussed in the next section. 
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Figure 1: Example of 10 MHz UE operating in 20 MHz cell transmission BW
3. Paging Options to Support 10 MHz UE
As agreed in RAN2#54 the paging indication is sent on downlink L1/L2 control channel, which will comprise of paging UE group identity and indication of resource blocks on which PCH containing paging message is sent. 
A fundamental question arises whether there is a need to send multiple paging indication/paging messages in all possible UE positions in frequency domain in a scenario where 10 MHz operates in 20 MHz cell. We discuss the following three paging transmission scenarios:

· Paging Duplication
· Paging Confined to one BW portion

· Paging Distribution without Duplication
3.1 Paging Duplication
By duplicated paging we mean the same paging indication is sent exactly in all possible UE positions. As shown in figure 2, the same paging indication is sent at two locations belonging to upper and lower 10 MHz portion of 20 MHz cell bandwidth. The paging message does not have to be duplicated or replicated. In this case the UE will have to re-tune its receiver in case paging message (PCH) is sent outside the UE reception bandwidth. 

The main advantage of sending multiple paging indications is simplicity. But the obvious drawback of this method is the wastage of bandwidth. Apparently paging overheads appears to be small. However, due to considerable number of UEs in LTE_IDLE mode, the aggregate paging overheads are not negligible. In case paging message is also duplicated (or multiple copies), the paging overheads could become significant.  
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 Figure 2: Duplication of paging indication to support 10 MHz UE operation in 20 MHz cell BW
3.2. Paging Confined to one BW portion
In this scheme all the paging is sent in the same 10 MHz portion (either lower or upper 10 MHz) of the 20 MHz bandwidth as shown in figure 3. 
The portion where the paging is sent should either be pre-determined (i.e. standardized) or it can be indicated in the system information. Indicating the paging position in system information is more flexible approach. This is because each cell based on their resource availability, can independently decide the appropriate portion of the cell bandwidth, where the paging should be sent. In response all the idle mode UEs will tune themselves towards the indicated paging position (lower 10 MHz in figure 3). 
The main advantage of this scheme compared to the one described in section 3.1 (multiple paging scheme) is that it’s more resource efficient. Apparently one drawback is that a 10 MHz UE receiving MBMS service(s) on the other frequency portion will have to re-tune its receiver periodically to listen to the paging. This may lead to loss of MBMS data. However, one possible solution to this problem is explained further. In a mixed cell, which offers unicast and MBMS services, the unicast and MBMS services are expected to be time and frequency multiplexed. The network could send paging only during those time instances (sub-frames) when there is no MBMS transmission. This will allow UE to listen to paging while preventing loss of MBMS data since paging and MBMS data shall appear on different sub-frames. This may still require 10 MHz UE to retune it’s receiver to the appropriate frequency portion in case paging and MBMS data are sent on different frequency portions in their respective sun-frames. However, we believe this should not be the limiting factor since frequency reconfiguration delay is expected to be much smaller than a sub-frame. 
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 Figure 3: Paging confined to only one portion of 20 MHz cell BW
3.3. Paging Distribution without Duplication
In this scheme paging can be sent at any of those positions, where a 10 MHz UE can be placed in the frequency domain. Figure 4 shows an example in which two 10 MHz UEs, which are placed at two different positions in the frequency domain (i.e. in lower and upper 10 MHz portion of 20 MHz cell) receive paging within their own reception bandwidth. 
This scheme has following advantages: 

· Flexibility: It provides flexibility to the network since UE or group of UEs can be reconfigured to receive page at any of the possible positions in frequency domain. 
· Resource Efficient: It is more efficient in terms of resource usage since only a single copy of paging is sent to each UE. 
· Load Balancing: It allows the possibility to balance the paging load among different positions in the frequency domain where the UE can be placed. 
But the scheme has the following drawback:
· Re-tuning due to MBMS: A 10 MHz UE receiving MBMS service(s) on the other portion of cell bandwidth will have to re-tune its receiver periodically to listen to the paging. This will lead to loss of MBMS data. This problem is similar to the one mentioned in section 3.2, where paging is confined to one position in frequency domain. 
The above problem, whereby UE has to retune its receiving when receiving MBMS, can be circumvented by using the same paging transmission principle explained in section 3.2. This means in a mixed cell scenario, all the paging and MBMS data should be strictly time multiplexed across different sub-frames. This will allow the UE to listen to the paging while receiving the MBMS data. In case paging and MBMS service, which UE intends to listen, are not in the same frequency portion, the UE may still have to retune it’s receiver in the corresponding uncast and MBMS sub-frames. As mentioned earlier in section 3.2, the frequency reconfiguration delay is expected to be much smaller than a sub-frame.
In the last RAN2 meeting was agreed that the paging indicator will address a group of UEs (i.e. UE group identity). This means 10 MHz UE belonging to the same paging group shall be placed within the same portion (lower or upper 10 MHz) of the cell bandwidth. In order for this system to work the network needs to assign different UE paging groups to different paging positions. This could be done at the time of assigning the UE group identity. In principle the network can change the UE position within the cell bandwidth. However we believe for the sake of simplicity the UE paging position within the cell bandwidth could be kept the same as assigned initially. The load balancing could be achieved by assigning the new UEs to the cell bandwidth portion where there is less paging load. 
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Figure 4: Paging sent without duplication 
4. Comparison and Summary

Table 1 below summarizes and provides a brief comparison of the three different paging scenarios described in section 3. Based on this comparison we believe each scheme has its own benefit bur could be realized by having a generic solution as discussed in section 5. 
Table 1: Comparison of different paging transmission methods

	
	Paging 

Duplication 
	Paging Confined to one BW portion
	Paging without Duplication 

	Simplicity
	Yes
	No
	No

	Resource efficiency
	No
	Yes
	Yes

	Flexibility
	No
	Yes
	Yes

	Paging load balancing
	No
	No
	Yes


5. Generic Paging Procedure 

We believe it’s possible to realize all the three paging transmission scenarios by having a generic procedure by broadcasting appropriate system information. The system information could indicate whether all UEs shall receive duplicated copies of paging, all paging is sent in lower or upper 10 MHz portion or UEs with odd and even identities (e.g. IMSI/TMSI) shall receive paging in lower and upper 10 MHz (or vice versa) respectively. After reading this system information the UE shall tune itself to the appropriate position in the frequency domain for listening paging.
6. Conclusions
This contribution has described different possibilities of sending paging to a 10 MHz UE operating in 20 MHz cell transmission bandwidth. There will be few positions in the frequency domain, where a 10 MHz UE, served by 20 MHz cell bandwidth, shall be positioned. One option is to send multiple copies of paging in all possible positions. This approach leads to extra overheads. Another possibility is to send all paging in one position, which is more resource efficient. The paging position in this case can be indicated in the system information. The third possibility is that all 10 MHz receive paging within their reception bandwidth without any duplication. This approach is also more resource efficient since only single paging copy is sent to all UEs. Secondly, the network can balance the paging load across different possible UE locations within the frequency domain. In order prevent possible MBMS data loss in the last two paging transmission schemes, the paging and MBMS data should be transmitted in time multiplexed fashion. 
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8. Text Proposal for RAN2 Technical Specifications
It is proposed to capture the following main ideas of this contribution in RAN2 TS.   
10.1.4
Paging and C-plane establishment

Paging groups are used on L1/L2 signalling channel:

-
Precise UE identity is found on PCH;
-
DRX is UE specific
-
Multiple UEs can be addressed on PCH;
-
Many UEs in one group.
In order to support 10 MHz UE operation in 20 MHz cell transmission bandwidth the E-UTRAN System information shall indicate whether,
-
paging is transmitted in one or both of the lower and upper 10 MHz portions of a 20 MHz carrier or
-
paging is duplicated or pertaining to "lower 10 MHz" and "upper 10 MHz" paging groups

Note: The definition of "lower 10 MHz" and "upper 10 MHz" paging groups is FFS.
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