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1.
Introduction

The RAN meeting #46 opened a study item on energy savings in UMTS [1]. The SI description mentions that “Solutions that are backwards-compatible or non-backwards compatible towards legacy UEs are within the scope of this initial study.” I.e. anything is in the scope of the study regardless of whether the solution is fully backwards compatible or causes a significant non-backwards compatible redesign of the radio interface.
In LTE, one solution being discussed is a possibility for Cell DTX, in which the base station power amplifier could be periodically or dynamically switched off. The documents [2,3,4,5] in RAN1#59bis touched the possibility of Cell DTX in UMTS as well. All the documents pointed out that the solution would have impact to legacy devices and thus would be non-backwads compatible.

The SI description already gives some indication of what needs to be looked at:

The solutions identified in this study item should consider the following aspects:

· Impacts on the time for legacy and new UEs to gain access to service from the Node B

· Impacts on legacy and new terminals (e.g. power consumption, mobility)

In order to achieve true systemwide energy savings it is important to ensure that reductions in the BS energy consumption will not cause any noticeable increase in UE power consumption. Especially as most UE are operating from battery power, increase in UE power consumption would not only make the effort from the total energy saving perspective unhelpful but it would also have rather negative implications on the end user experience of the given network.

This document takes a further look into Cell DTX in UMTS and takes and attempts to identify what kind of minimum requirements must be set for the feature in order to understand the areas to investigate when assessing the feasibility and impacts of cell DTX to the UMTS as we know it today.

It is also important to to note that a cell that is solely deployed to operate as a secondary serving HS-DSCH cell, in which single carrier UEs will not be served and UEs are not allowed to reselect to is automatically supporting Node B based Cell DTX without any standards changes. Hence the study must focus on a full-blown stand-alone cell.
2.
Requirements for Cell DTX operation
The applicability of Cell DTX needs to be looked at separately for different RRC states and operational situations.
Idle-mode and URA_PCH state
The UE locations are not known to the network in cell level and hence it is not possible to control the feature based on whether such devices are in a particular cell. Hence the Cell DTX feature would need to be such that it can be activated and deactivated when Idle mode and URA_PCH state UEs are in it. The activation of Cell DTX should not lead to forcing the Idle-mode and URA_PCH state UEs out of the cell or else it would in effect not be usable any more often than shutting down the whole cell. 
Cell_PCH state
The UE locations are known in the cell level and thus it would be possible not to activate Cell DTX when such UEs are camping in a particular cell. However the Cell_PCH state UE looks just like URA_PCH state UE when in cell, and as concluded above, the URA_PCH state UEs need to be able to camp in the cell when Cell DTX is on, leading to the natural conclusion that Cell_PCH state UEs must be able to camp in the cell where Cell DTX is active.

Cell_FACH state
Again, given the assertion that the UE must be able to attempt access in a cell where Cell DTX is active it must be able to go to Cell_FACH state for random access transmission in a cell where Cell DTX is active. 

Cell_DCH state
The Cell DTX could be disabled when there are UEs in Cell_DCH state, or the Cell DTX could be designed to support also some number of active mode UEs without continuously transmitting in the downlink. However it appears that this is more a design choice, even though it would be desirable to be able to operate Cell DTX even if there is a low offered load in the cell only. In any case the UE in Cell_DCH state must be able to detect and measure the level of a neighbour cell even if Cell DTX is active in it in order to initiate Active Set Upate and HS-DSCH serving cell change without significant degradation in the handover performance.

Cell selection, paging and random access
Given the assertion above that the UEs must be able to camp in cells where the Cell DTX is active, additional requirements can be directly derived. The UEs must be able to make and receive calls, i.e. paging and random access must be possible in a cell running Cell DTX, and the UE must be able to autonomously reselect to a cell where Cell DTX is active. Notably this leads to the need for the UE to be able to receive PCH on S-CCPCH and/or HS-DSCH. It is also worth mentioning that as of today there is no such thing as PICH DTX detection, but PICH is sent in the air in every radio frame and UEs check in their paging occasion whether they find their own PI in the PICH frame received.
BCH reception
Given the assertion that the UE must be able to reselect to, and attempt access in a cell where Cell DTX is active it must be able to correctly receive the BCH on P-CCPCH in such a cell. 
Hence we would see the following requirements applicable to active Cell DTX feature for it to be in any way useful:
a) Idle-mode, URA_PCH , Cell_PCH and to some extent Cell_FACH state UEs need to be able to exist in the cell without disabling the Cell DTX operation.
b) Cell_DCH UEs could disable Cell DTX, but it could be desirable to be able to carry some Cell_DCH traffic while Cell DTX is active.

c) Cell reselection and handover must be possible, i.e. both idle mode and Cell_DCH UE must be able to reliably detect, syncronise and accurately measure the CPICH level of neighbour cells where Cell DTX is active.
d) BCH reading must be possible.
e) Paging (PICH and PCH) must be possible.
f) Random access must be possible.
g) Insignificant performance degradation only for adding Cell DTX cells to the UEs active set, or changing the HS-DSCH serving cell within the active set.

h) Gating at least P-CPICH, PICH, P-CCPCH and S-CCPCH, and possibly SCH must be possible while the abovementioned requirements are fulfilled.

i) Usage of cell DTX must not cause any noticeable increase in UE energy consumption, especially in idle mode, URA_PCH and Cell_PCH.
j) Last, but not least, the energy saving potential of Cell DTX feature must exceed that available by shutting down the cells when possible and offloading the UEs to another frequency layer / radio technology, as it is obvious that Cell DTX cannot provide any energy savings in a cell that is off.

3
Conclusions
This document took the first steps at identifying the design requirements for the Cell DTX feature that need to be fulfilled for it to be functional and worthwhile. These requirements could be captured in the TR for further analysis, should the Cell DTX be considered as a feature to be investigated.
References
[1] RP-091439
Energy Savings for UMTS, Study Item description, RAN#46
[2] R1-100158
Initial Overview of Energy Saving for UMTS, Huawei

[3] R1-100287
Considerations for Energy Savings in UMTS NodeBs, Qualcomm Incorporated

[4] R1-100598
UTRA Node B energy saving, Ericsson, ST-Ericsson
[5] R1-100728
On UTRAN energy saving considerations, Nokia Siemens Networks, Nokia
