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Decision/action requested

This document discusses the scenarios which are relevant for
Inter-RAT Energy Saving Compensation and Overlays.

The purpose is to help define the scope of useful work for Inter-RAT ESM.
2
Introduction
In a network which supports multiple Radio Access Technologies, the following technologies may exist

· GSM

· CDMA2000

· UMTS
· LTE

In an ideal world, energy could be saved during low load by disabling one or more radio technologies, and allowing other radio technologies to provide service to the users.

This document looks at each radio technology in turn, to see which other radio technologies could be used to provide overlay coverage or ESM compensation coverage.

3
GSM

There are a lot of legacy GSM UEs which do not support any other radio technology.
· CDMA2000 cannot provide coverage for GSM, because it is unlikely that all GSM UEs in the cell are compatible with CDMA2000. GSM and CDMA2000 are targeted at different geographical regions and a lot of cheaper UEs will not support this mixture of radio technologies.
· UMTS cannot provide coverage for GSM, because it is unlikely that all GSM UEs in the cell are compatible with UMTS. UMTS is a newer technology than GSM, and will not be supported by GSM UEs.
· LTE cannot provide coverage for GSM, because it is unlikely that all GSM UEs in the cell are compatible with LTE. LTE is a newer technology than GSM, and will not be supported by GSM UEs.
4
CDMA2000
There are a lot of legacy CDMA2000 UEs which do not support any other radio technology.

· GSM cannot provide coverage for CDMA2000, because it is unlikely that all CDMA2000 UEs in the cell are compatible with GSM. CDMA2000 and GSM are targeted at different geographical regions and a lot of cheaper UEs will not support this mixture of radio technologies.
· UMTS cannot provide coverage for CDMA2000, because it is unlikely that all CDMA2000 UEs in the cell are compatible with UMTS. CDMA2000 and UMTS are targeted at different geographical regions and a lot of cheaper UEs will not support this mixture of radio technologies.
· LTE cannot provide coverage for CDMA2000, because it is unlikely that all CDMA2000 UEs in the cell are compatible with LTE. LTE is a newer technology than CDMA2000, and will not be supported by CDMA2000 UEs.
5
UMTS
UMTS UEs are likely to be compatible with GSM. Traditionally, UMTS networks were rolled out after GSM networks, and GSM has been used to fill in coverage holes for UMTS networks. There is no 3GPP requirement that UMTS terminals must support fallback to GSM, this is left as a decision for the terminal vendor.
· GSM can provide coverage for UMTS. UMTS UEs will be able to use the GSM network for voice and data. There is a question on whether the data throughput of GPRS is sufficient to satisfy end-user requirements.
· CDMA2000 cannot provide coverage for UMTS, because it is unlikely that all UMTS UEs in the cell are compatible with CDMA2000. UMTS and CDMA2000 are targeted at different geographical regions and a lot of cheaper UEs will not support this mixture of radio technologies.
· LTE cannot provide coverage for UMTS, because it is unlikely that all UMTS UEs in the cell are compatible with LTE. LTE is a newer technology than UMTS, and will not be supported by UMTS UEs.
6
LTE
LTE UEs are likely to be compatible with CDMA2000 or UMTS. LTE networks are being rolled out after CDMA2000 or UMTS networks, and CDMA2000 or UMTS is being used to fill in coverage holes for LTE networks. There is no 3GPP requirement that UMTS terminals must support fallback to CDMA2000 or UMTS, this is left as a decision for the terminal vendor.
· GSM cannot provide coverage for LTE, because even if the LTE UE can fall back to UMTS, this does not guarantee that the LTE UE can fall back to GSM. Even if voice fallback is supported, LTE subscribers with expectations of high data rates would not accept fallback to GPRS.
· CDMA2000 can provide coverage for LTE. LTE UEs will be able to use the CDMA2000 network for voice and data. There is a question of how to deal with roaming subscribers with LTE+UMTS equipment which will be unable to fall back to CDMA2000.
· UMTS can provide coverage for LTE. LTE UEs will be able to use the UMTS network for voice and data. There is a question of how to deal with roaming subscribers with LTE+CDMA2000 equipment which will be unable to fall back to UMTS.

7
Conclusion

Of all the possible combinations of radio technologies, only three combinations seem to be viable.

· GSM is used as an overlay or compensating technology for UMTS cells.

· CDMA2000 is used as an overlay or compensating technology for LTE cells.

· UMTS is used as an overlay or compensating technology for LTE cells.

A major problem is that Inter-RAT Energy Saving depends on the fact that all the UEs in the network must support both of the relevant radio technologies. However, there is no 3GPP requirement which prohibits single-RAT UEs, and this choice is left to the device vendor. TR 36.927 v1.1.1 clause 5.1.1 mentions that "The energy saving solutions for this scenario should only be considered in case there are no LTE-only capable devices", but does not discuss whether this is a realistic scenario or not. More analysis is needed in this area.
For UMTS falling back to GSM, the end-user impact must be estimated for data sessions. The data session may be initiated on GPRS, and then migrate to UMTS as soon as the UMTS cell is woken up. If the UMTS cell can be woken up quickly, the end-user should see no real impact. But if it takes several seconds or even minutes to wake up the UMTS cell, the data rate of GPRS could be unacceptable for the end-user.

For LTE falling back to CDMA2000, the solution is incomplete for roaming subscribers. If the subscriber equipment is from a geographic region where fallback to UMTS is assumed, the UE will not be able to fall back to CDMA2000.

For LTE falling back to UMTS, the solution is incomplete for roaming subscribers. If the subscriber equipment is from a geographic region where fallback to CDMA2000 is assumed, the UE will not be able to fall back to UMTS.

� Other technologies exist, but this document limits scope to technologies where Inter-RAT relations are modelled by 3GPP.





