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1 Introduction

In [1], UE measurement is regarded as one candidate solution to the issue on how to exit dormant mode efficiently in both inter-RAT and inter-eNB scenarios. This solution has been described in detail in [2], while its feasibility and benefits were discussed in [3] and [4]. In conclusion, efficient energy saving can be achieved by specifying the “UE measurements” solution with minor specification impact.

However, it was indicated in [5] that the UE measurement can be implemented using existing Rel-9 functionality. 
In this paper, we further analyse the feasibility of the Rel-9 based scheme for UE measurements in [5], concluding that a minor specification change is required to guarantee the interoperability in multi-vendor deployment scenarios. Therefore, we propose that the “UE measurements” ES solution should be specified in Rel-11 ES WI.
2 UE measurement vs. Rel-9 based scheme
Rel-9 based scheme: As proposed in [5], the UE measurement scheme can be implemented based on existing Rel-9 functionality.  It also suggested that “Consider a cell in dormant mode that activates the probing state when it receives the cell activation request and responds with the cell activation response message. The cell remains in the probing state for a configurable time or until a handover request message is received from the cell providing coverage. If the timer expires, the cell enters dormant mode and in the other case the cell understands that it is considered useful and enters normal operation mode.”  
Case I: Ideal scenarios

The ideal scenarios based on the proposed scheme are illustrated in Fig. 1, where it is assumed that both Coverage and Hotspot cell support “UE measurement” (also known as “probing”) function. Having accepted Cell Activation Request from the coverage eNB with acknowledgement “Cell Activation Response”, the hotspot cell enters “probing” period and is fully activated. Meanwhile, the hotspot cell starts timer Tprobing, which is stopped upon the receipt of HO Request from the coverage cell as shown in (a). Upon expiry of Tprobing, the hotspot cell enters dormant mode as shown in (b). 
Observation 1: “UE measurement” ES solution might work based on existing Rel-9 functionality only in ideal scenarios, i.e. under the assumptions as follow: 
1)  both coverage eNB and hotspot eNB support “UE measurement” function; 
2)  hotspot cell is full activated during “probing period”;
3)  a timer is properly configured in the hotspot cell, which is started when the cell enters “probing” state, stopped when receiving a “HO Request” from the coverage cell, and upon expiry of this timer, the hotspot cell falls back to dormant mode.  
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Fig. 1.  Ideal scenarios of Rel-9 based scheme [5]

Case II: both Coverage and Hotspot cell support “Probing”; Tprobing expires before receiving HO Request sent
The configurable timer, i.e. Tprobing, is an internal timer in the hotspot eNBs. Therefore, the coverage eNB cannot guarantee that the first HO request, which triggers the hotspot eNB to enter the normal operation mode, is transmitted before such timer expires.  As displayed in Fig. 2, hotspot eNB starts timer when it accepts the cell activation request from the coverage cell. However, the HO Request from the coverage cell arrives after the expiry of the timer and consequently the hotspot cell is in dormant mode. 
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Fig. 2. Case II -- timer expires before receiving HO Request

Observation 2: When both coverage eNB and hotspot eNB support “UE measurements” function, the “probing timer” needs to be carefully configured by, e.g. OAM, so that “UE measurement” ES solution can work properly in multi-vendor scenarios. From an operator point of view this configuration would be burdensome and impractical.
Case III: Hotspot cell supports function of “Probing”, during which partial activation is performed
Currently the behaviour of the eNB in the probing period has not been specified. Therefore another error case is possible as displayed in Fig. 3. Upon receipt of the cell activation request from the coverage eNB, the hotspot eNB could activate its cell partially (not fully functional, as this is allowed by the current standard) and enters the “probing” period. During this period, if the coverage eNB sends a HO Request to the hotspot eNB, the procedure could be delayed or even fail. 
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Fig. 3. Case III – partial activation in probing period

Observation 3: In multi-vendor scenarios, the expected behaviour of the eNB during the probing period needs to be clearly defined in order to guarantee inter-operability. It is impossible to do this without additional (but minor) specifications.
Case IV: Hotspot cell does not support/understand “Probing”

In this case, as displayed in Fig. 4, the hotspot eNB does not support/understand “probing”. When the hotspot eNB accepts the cell activation request from the coverage cell, it is unaware that it may enter dormant mode in the near future. Therefore, once activated, the hotspot eNB works normally and performs the X2 signalling exchanges with other eNBs based on the current specifications, such as eNB configuration update. However, when traffic load is low in the area the hotspot eNB may enter dormant mode after a very short time.


[image: image4.emf]Coverage 

eNB

Hotspot 

eNB

C

e

l

l a

c

ti

va

t

io

n

 re

q

u

e

st

C

e

ll 

ac

ti

va

t

io

n 

re

s

p

on

s

e

Neighbour

eNB

e

N

B

 c

o

n

fig

.

 U

p

d

at

e

e

N

B

 c

o

nf

ig

.

 

U

pd

a

te

 A

C

K

Enter Normal 

operation state

Enter Dormant 

state

e

N

B

 c

o

n

fi

g.

 U

p

d

a

te

eN

B

 

co

n

fi

g. 

U

p

d

a

te

 A

C

K

e

N

B

 c

o

n

fig

.

 U

p

d

at

e

 A

C

K

e

N

B

 c

o

nf

ig

.

 

U

pd

a

te


Fig. 4. Case IV – hotspot cell not supporting “probing”

There are obvious drawbacks in this case:

- Unnecessary signalling exchanges with neighbouring eNBs;

- Unnecessary cell reselection of idle UEs & unnecessary handover of connected UEs;

- Unnecessary acceptance of new traffic in the hotspot cell.
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Fig. 5 Unnecessary cell reselection & HO
For example, as shown in Fig. 5, cell A supports “probing” while hotspot cell B does not. When cell B accepted the Cell Activation Request from cell A, it enters operation state. Through the X2 signalling exchange, the neighbouring cells (cells C and D) of the hotspot cell B are informed that the cell B is activated. Cell B is now regarded as being in normal operation mode by cells C and D. In this case, when idle UEs in cells C or D move to the coverage area of cell B, they may reselect such hotspot cell, and then possibly establish RRC connection for data transmission. When cell B shortly enters dormant mode due to low traffic, those idle UEs have to reselect other cells again.  Moreover, some connected UEs in cells C and D might be handed over to hotspot B. Those HOs can be regarded as unnecessary as well if cell B enters into dormant mode shortly due to low traffic. 
Observation 4: when the hotspot eNB is fully activated, and then enters the dormant mode after a short period due to low load, it may result in unnecessary signalling exchanges with neighbouring eNBs, unnecessary cell reselection of idle UEs & unnecessary handover of connected UEs, and unnecessary acceptance of new traffic.

3 Conclusion
We have analysed the feasibility of Rel-9 based scheme for UE measurement in [5] in this paper, with following observations:

Observation 1: “UE measurement” ES solution might work based on existing Rel-9 functionality only in ideal scenarios, i.e. under the assumptions as follow: 

1)  both coverage eNB and hotspot eNB support “UE measurement” function; 

2)  hotspot cell is full activated during “probing period”;

3)  a timer is properly configured in the hotspot cell, which is started when the cell enters “probing” state, stopped when receiving a “HO Request” from the coverage cell, and upon expiry of this timer, the hotspot cell falls back to dormant mode.  

Observation 2: When both coverage eNB and hotspot eNB support “UE measurements” function, the “probing timer” needs to be carefully configured by, e.g. OAM, so that “UE measurement” ES solution can work properly in multi-vendor scenarios. From an operator point of view this configuration would be burdensome and impractical.
Observation 3: In multi-vendor scenarios, the expected behaviour of the eNB during probing period need to be clearly defined in order to guarantee inter-operability. It is impossible to do this without additional (but minor) specifications.
Observation 4: when the hotspot eNB is fully activated, and then enters the dormant mode after a short period due to low load, it may result in unnecessary signalling exchanges with neighbouring eNBs, unnecessary cell reselection of idle UEs & unnecessary handover of connected UEs, and unnecessary acceptance of new traffic.
Based on the above analysis, we can then conclude that the Rel-9 based scheme for UE measurement proposed in [5] can not guarantee interoperability in multi-vendor deployment scenarios.  Only a minor specification change is required to support “UE measurements” ES solution; as discussed in [2][6] one such enhancement may be to extend the cell activation message with a “probing” information element . 

Therefore, we kindly ask RAN3 to agree on the following proposal: 

Proposal: “UE measurements” ES solution should be specified in Rel-11 in the ES WI.
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