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1   Introduction
In RAN1#76, it was agreed that
· Rel12 UEs will support discovery signal based RSRP and RSRQ-like measurements. 
· No new idle mode related behaviours will be introduced for Rel12 UEs. 

In addition to these agreements, several open issues related to small cell ON/OFF and discovery were identified. 
In this document, we provide our view on the feasibility and benefits of introducing additional L1 procedures with the intention to further reduce off(ON transition time from what is possible with current RAN1 agreements.
2   Discussion

In this document we focus on the CA scenario. For CA, cell ON/OFF is not implemented on the Pcell frequency layer. For Scells, multiple schemes have been discussed so far in RAN1. In section 2.1 we discuss the CA activation/deactivation based small cell ON/OFF scheme [1]. In RAN1#76, some contributions (e.g. [2], [3]) proposed ‘fast cell ON/OFF’ mechanisms. In section 2.2 we discuss these schemes and compare them to the CA activation/deactivation based scheme. Finally, in Section 3, we provide our observations and conclusions.
2.1 CA activation/deactivation based ON/OFF Scheme 

For Scells, the most straightforward option is to associate the “ON” vs. “OFF” status of a cell with “Activated” vs. “Deactivated” status of UEs served by that cell. 

From a cell perspective, this option can be described as follows 

· A cell that is configured as a Scell for one or more UEs will transition from “OFF” to “ON” state after an Scell activation command is transmitted to at least one UE. The cell will transition from “ON” to “OFF” state after it is determined that all UEs connected to the cell have deactivated it as a Scell. 
· In the OFF state, the cell transmits a discovery signal in some subframes. No transmissions are made in other subframes.
· In the ON state, the cell will transmit all the ‘Rel11 signals’ (i.e., those signals that are expected from a configured and activated Scell by a Rel11 UE) in all DL subframes.
From a UE procedure perspective, the UE has to support new RRM procedures (already agreed in RAN1#76) and timing related procedures based on discovery signals. More specifically, 
· A Rel12 UE should expect higher layer signalling to configure it for performing RRM measurements using either discovery signals or Rel11 procedure (i.e., using CRS). 
· If the UE is configured to use discovery signals for RRM measurements, it should perform those measurements using only those subframes where a discovery signal is expected.
· If the Scell belongs to an S-TAG, the UE has to maintain the TA timer for that Scell using the discovery signal. 
Other than these procedures, no additional procedures compared to Rel11 are needed.

With this scheme, from a UE and eNB behavior perspective, no significant impact compared to Rel11 is expected.  When the Scell is first configured for the UE, the UE will store the System Information (SI) corresponding to it and, if the Scell belongs to an STAG, start maintaining a TA timer for the Scell. The Scell is in deactivated state by default and is expected to be activated only intermittently (e.g. when there is a data burst for the UE). 
When the Scell is deactivated, the UE can turn off its Scell receiver and only enable it to periodically take measurements (e.g. every 50ms or 200ms based on discovery signal design). When the Scell is (re)activated, i.e., when an activation command is received, the UE will take some time for processing the command, and for AGC loop and time-frequency tracking filters to settle (e.g. see [4], [5], [6]). The delay caused due to this is called Scell activation delay. As described in 36.213 and 36.133, for the case where UE is already measuring the Scell, the activation delay can be between 8ms and 24ms
 based on UE implementation and receiver status. 

Considering CSI availability and reporting, the eNB is expected to move to ON state (i.e., start transmitting CRS, CSI-RS) from the subframe where the activation command is transmitted. Given this, in most cases, the UE should be able measure and report valid CSI to the eNB before the end of the 24ms activation window. i.e., if the UE receives an activation command in subframe n, the eNB can start scheduling the UE from subframe n+x where x = min (24, subframe where valid CSI is received+1). Since the specification allows for this ‘early activation’, in our view, always assuming the worst case value of 24ms for Scell activation delay is overly pessimistic.

Considering DRX, if DRX is configured for the UE, there can be a delay between the subframe where eNB has data for the UE in its MAC buffer, and the first subframe of UE’s next ON duration. After waiting for the onset of the UE’s next ON duration, the eNB can start scheduling the UE using the Pcell, and in parallel activate the Scell.  Since the UE will be receiving data on the Pcell, the subframe where the Scell is activated is expected to be part of UE’s active time (as defined sub-clause 5.7 of TS 36.321) resulting in no additional delay due to DRX.
Summarising the above aspects, the delay between the subframe when data is available in the eNB MAC buffer, and the subframe where eNB can schedule the UE on the Scell is given by 
T_off_to_on_delay= Tact + Tcsi + Tdrx
where, 
· Tact is the Scell activation delay (between 8ms and 24ms based on UE implementation and receiver status)
· As noted above, since the specification allows for ‘early activation’, in our view, always assuming the worst case value of 24ms for this parameter is overly pessimistic.

· Tcsi is any additional time needed by eNB to obtain CSI for this Scell  (We expect the eNB to configure CSI measurements such that this will be <5ms)
· Tdrx is any additional delay caused by UE’s DRX configuration. 
For the best case configuration (from delay perspective), Tcsi and Tdrx can be assumed to be 0, and T_off_to_on_delay will be between 8 and 24 ms. 
For the evaluations performed during SI phase (e.g. [7]), “OFF(ON transition time” was considered as the time for which data in the eNB MAC buffer is waiting, before it can sent to the UE.  We note that this is not the same as T_off_to_on_delay, which calculates the delay before which the Scell can be used. Given the eNB can start scheduling the UE on the Pcell, the performance gains seen during the SI phase by reducing “OFF(ON transition time” cannot be directly assumed for schemes that reduce T_off_to_on_delay or the Scell scheduling delay. While reducing T_off_to_on_delay  is expected to bring some performance gain (due to increase in eNB flexibility to schedule on both PCell and Scell instead of only Pcell), the gains will be lower than those shown for “OFF(ON transition time” reduction evaluations performed during the SI (since those evaluations did not consider the aspect of Pcell being available for scheduling).
2.2 ‘Fast ON/OFF’ Schemes
In this section we discuss the fast ON/OFF schemes mentioned in [2] and [3]. For convenience, we refer to the scheme proposed in [2] as “subframe based ON/OFF scheme”, and the scheme proposed in [3] as “radio-frame based ON/OFF scheme”. 
Subframe based ON/OFF scheme [2]
For this scheme, from an eNB perspective, the notion of ON vs. OFF state is defined on a per-subframe basis. i.e., if there is a transmission from an eNB in a subframe, the eNB is considered “ON” for that subframe, and “off” otherwise.  Also, the eNB is allowed to switch between “ON” and “OFF” states even when it is configured and activated as a Scell for one or more UEs.  This is different from the CA activation/deactivation based scheme (discussed in the previous section), where when the cell is activated as a Scell for at least one UE, the eNB is expected transmit all the ‘Rel11 signals’ (i.e., those signals that are expected from a configured and activated Scell by a Rel11 UE) in all DL subframes. 
From a UE procedure perspective, this scheme also relies on Rel12 UEs supporting discovery signal based RRM measurements and TA timer maintenance. However, unlike CA activation/deactivation based scheme which does not require any additional UE procedures, this scheme will require changes to demodulation procedures for Rel12 UEs. i.e., for some physical channels (e.g. PDCCH and PDSCH), the UEs cannot rely on reference signals (e.g. CRS) present in any other subframe other than the subframe in which the physical channel is received.
From a UE and eNB behavior perspective, this scheme requires a departure from the Rel11 activation/activation behavior, where a Scell is in deactivated state by default, and is expected to be activated only intermittently (e.g. when there is a data burst for the UE). Since the objective of this scheme is to reduce the time delay before a Scell can be used, when compared to the CA activation/deactivation based scheme, we expect the eNB to keep the Scells activated for a much longer period to avoid the Scell activation delay. 
Also, with this scheme, when the Scell is activated, the UE cannot turn off its receiver even when the cell is in off state. This is because, the UE is expected to be ready to receive data instantaneously (i.e., in the same subframe in which data arrives without allowing any time for hardware warm-up). This also requires the eNB to transmit reference signals quite frequently (e.g. once every 10/20ms) so that the UE is able to maintain its AGC and time-frequency tracking loops. Considering these aspects, we expect the UE power consumption (and possibly the eNB power consumption) to be higher for this scheme when compared to the CA activation/deactivation based scheme.
In addition to the above aspects, this scheme would also require the UE to monitor subframes with no transmission, for PDCCH/EPDDCH. This is undesirable as it can lead to an increase in the spurious emissions by the UE due to increased false detection of PDCCH/EPDCCH.     
In conclusion, when compared to the CA activation/deactivation based scheme, subframe-based ON/OFF scheme will reduce the time required to schedule the UE on an Scell.It does so by forcing implementation constraints/penalties that result in an increase in power consumption at the UE side (UE Scell receiver has to be turned on for longer durations) and the possibly also the eNB side. As discussed in the previous section, since the Pcell is available for scheduling during most of the Scell activation time, we do not expect large gains from further reduction in Scell scheduling delay. Considering these aspects, we prefer the CA activation/deactivation based scheme for Scell ON/OFF.  
Radio-frame based ON/OFF scheme [3]
From an eNB perspective, similar to the subframe ON/OFF scheme, this scheme also allows the eNB to switch between “ON” and “OFF” states even when the cell associated with the eNB is configured and activated as a Scell for one or more UEs.  However, this scheme restricts the eNB to change states only once every radio frame. In addition to this, this scheme also proposes to introduce signalling from the Pcell that tells the UE whether a particular radio frame of the Scell is ON or OFF. 

With this scheme, since the UE knows whether a Scell radio frame is ON or OFF, it can avoid monitoring subframes with no transmission. However, while the UE knows about the Scell status of the current radio frame, it does not know the status of the next radio frame, and it is expected to be ready to receive transmissions on that next radio frame without any delay, if that radio frame is ON. Given the UE has to be ready without delay, it unclear to what extent it will be able to transition to a low power state in the OFF radio frames. Further, if the eNB is OFF for a few radio frames (e.g. 5 or 10), the UE will need to receive some form of pilot transmission to ensure that its AGC and time frequency tracking loops are maintained during that period. According to [3], CSI-RS and CRS are not transmitted in the OFF radio frames. This would imply that the discovery signals have to be transmitted a fairly high rate (e.g once every 10/20ms) in this scheme. Finally, similar to the subframe-based ON/OFF scheme, we expect that this scheme will also require the Scell to be activated for longer durations in order to avoid the activation delay. Considering these aspects we believe that this scheme will also result in increased power consumption when compared to the CA activation/deactivation based scheme.
3   Conclusions

In this document we compared the CA activation/deactivation based ON/OFF scheme with the “fast ON/OFF” schemes proposed in [2],[3]. We make the following observations
1. For the CA activation-based ON/OFF scheme 
a. In addition to supporting discovery signal based RRM measurements and TA timer maintenance, no additional L1 procedures are required for supporting ON/OFF on Scells.

b. For this scheme, the delay between the subframe when data is available in the eNB MAC buffer, and the subframe where eNB can schedule the UE on the Scell is given by 
T_off_to_on_delay= Tact + Tcsi + Tdrx, where

Tact is the Scell activation delay (between 8ms and 24ms based on UE implementation and receiver status); Tcsi is any additional time needed by eNB to obtain CSI for this Scell  (We expect the eNB to configure CSI measurements such that this will be <5ms); Tdrx is any additional delay caused by UE’s DRX configuration. 

c. While reducing T_off_to_on_delay is expected to bring some performance gain (due to increase in eNB flexiliilty to schedule on both PCell and Scell instead of only Pcell), the gains will be lower than those shown for “off(on transition time” reduction evaluations performed during the SI (since those evaluations did not consider the aspect of Pcell being available for scheduling).

2. For the “fast ON/OFF” schemes proposed in [2][3]
a. In addition to supporting discovery signal based RRM measurements and TA timer maintenance, more new UE procedures such as changes to PDCCH/PDSCH demodulation, signalling of cell ON/OFF status on Pcell are required

b. In order to reduce the time required to schedule the UE on an Scell, these schemes force the UE to keep its Scell receiver turned on for longer durations (when compared to the CA activation-based scheme), without allowing the UE to enter into a low power mode even in subframes where the cell has no transmissions.

Proposal: Based on the above observations, we propose that RAN1 adopts the CA activation-based ON/OFF scheme.
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� We do not expect the 34ms minimum requirement in TS 36.133 to apply for this case given the assumption that the UE is already measuring the Scell using the discovery signal.
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