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1. Introduction
In RAN plenary #64 meeting, the following WF [1] of small cell on/off in SCE PHY was reached:

· Spend no more than 1 TU in RAN1#78 to discuss this open issue:

· “Investigate detailed solution(s) of new L1 procedure for activated Scell operating on/off that further reduces transition time”

· If a consensus cannot be reached on a complete solution during this limited time, then there will be no new L1 procedure for activated SCell operating on/off in Rel-12 due to time constraints.

Furthermore, in RAN1 email discussion after RAN1 #77 meeting, the following approaches for ON/OFF indication are summarized and discussed [2]:

· ON/OFF based on L1 signalling

· Subframe level ON/OFF

· Multiple subframe (frame, half frame, etc.) level ON/OFF

· ON/OFF based on CA activation/deactivation signalling

In this contribution, we present our analysis and views on a new L1 procedure for activated SCell operating on/off that further reduces transition time, i.e. standalone on/off mechanism incorporated with a new L1 procedure. 
2.  New L1 procedure for fast small cell on/off
2.1 Standalone small cell on/off
2.1.1 Who send the indicator?
Standalone small cell on/off refers to the small cell can make on/off decision on its own without the assistance of other cells (e.g. macro cell or neighbour cells in HO, PCell in CA, MeNB in DC). With standalone on/off mode, the small cell keeps UEs in connected even if the small cell is in off state. Therefore, the delay caused by non-ideal backhaul and RRC signalling could be reduced. Standalone on/off small cell can be a single carrier cell, an SCell or an SeNB. For a single carrier cell on/off scenario, UEs served by the cell should still keep RRC connection with the cell and don’t need to be handed-over to neighbour cells when the cell is turned off. For CA/DC on/off scenario, the cell can still be kept as SCell or SeNB for UE.  
Take SeNB on/off in dual connectivity scenario as an example, the cells including PCell_SCG and SCells_SCG in the SeNB (SCG) make on/off decision, and indicate their states on their own without the assistance of MeNB. This scheme can eliminate the non-ideal backhaul latency. In other words, the indicator should be sent to a group of UEs from the serving small cell operating on/off.

According to the proposed schemes in recent RAN1 meetings, there are two options of indicator transmission for activated SCell operating on/off:
· Opt. 1. PCell send the indicator to notify a group of UEs with the SCell’ on/off state. 

· Opt. 2. The serving SCell send the indicator to notify a group of UEs with its own on/off state. 
In Opt. 1, PCell needs to broadcast multiple SCells’ on/off states, and in the meantime also needs to schedule UEs that belong to the PCell. Therefore, the capacity of control channel may be insufficient. Opt. 1 also requires the use of CIF-like field as in cross-carrier scheduling. A new CIF-like field may be required if the current CIF is not appropriate. 
In addition, small cell on/off is cell-specific, but PCell/SCell is UE-specific. PCell for different UEs may not be the same cell as PCell is UE-specific configuration. One UE’s PCell may be another UE’s SCell. Even assuming PCell for two UEs is the same, but SCells for the two UEs may be different. The Opt. 1 that using PCell broadcasts these SCells’ states to UEs simultaneously will be complex and may have a large overhead.
Moreover, for dual connectivity, the serving cell operating on/off (PCell_SCG or SCells_SCG) send the indicator is a preferred solution to solve the non-ideal backhaul latency issue. Some proposed schemes mentioned PCell_SCG can be always keep activated or on. But from the perspective of interference mitigation especially in the case that SeNB has only one cell (PCell), we propose SeNB on/off operation should be applied to all SeNB cells within the SCG, including the PCell. 
For fast on/off, there should be a unified solution not only for activated SCell but also for dual connectivity and other scenarios, so we have the following proposals:
Proposal 1: For fast on/off, there should be a unified solution not only for activated SCell but also for dual connectivity and other scenarios.
Proposal 2: Small cell standalone on/off mechanism should be supported. With standalone on/off mechanism, the indicator should be sent to a group of UEs from the serving SCell operating on/off to support fast on/off.
2.1.2 Indication methods
There are four candidates for the indicator concluded in RAN1#76b meeting [4], shown as follows to inform UE about the cell on/off state,
· DCI message

· Reference signal

· Active time within the DRX procedure

· Enhanced CA activation/deactivation command

Our preference is to utilize DCI message to indicate activated SCell on/off state [3]. According to the above Proposal 2, the indicator carried by DCI message should be transmitted to UEs by the serving SCell itself. 
Compared with DCI based solution, reference signal is also transmitted by SCell to indicate the cell state transition. Since the reference signal can be transmitted in any subframe as long as the transition happens, UEs have to monitor the reference signal in every subframe. So UE power consumption would be impacted for continuous monitoring. DCI based solution can balance between transition latency and UE power consumption by setting an appropriate DCI transmission cycle. In addition, UEs may mistake cell state because some reference signals may be transmitted both in cell on and cell off state (e.g. legacy CRS and CRS in DRS), especially in the case that the transition from off to on happens in DRS burst subframes. Furthermore, the reliability of reference signal detection is also a problem due to lacking of CRC check.
DRX alignment should be considered between different UEs for DRX based solution. As long as there is an associated UE in DRX on duration, SCell cannot be turned off even if the UE doesn’t need SCell to provide service. It will cause a waste of the SCell power and potential interference to neighbouring cells. If there are several UEs attached to the SCell, the SCell may not have chance to enter the off state, because there will always be a UE in DRX on duration. In addition, if the cell state indicator occurs when UE is in DRX, the transition time will be prolonged. 
For CA based solution, MAC CE can only be sent to a single UE and cannot be broadcasted to a group of UEs. It is not clear that how much reduction in transition time if using new signalling to replace the activation/deactivation command. Meanwhile, existing CA activation/deactivation mechanism can’t be applied directly in dual connectivity scenario.
Furthermore, a common issue, i.e. DRX mode UE in on/off, needs to be carefully studied. Many companies have given various opinions in the email discussion and it seems still very far away to come to an agreement. It may be inappropriate to quickly reach a rough conclusion. Whether there should be a separate DRX configuration for the serving cell operating on/off different from the DRX configuration on other serving cells not operating on/off should also be considered.

Observation: How to deal with DRX mode UE in on/off needs to be carefully studied. 
Proposal 3: DCI message should be utilized to indicate UEs with activated SCell on/off state.
2.1.3 DTX_ON in off state
The serving SCell operating on/off may directly send DCI message and other necessary references signals during DTX ON duration when cell is off. In DTX_ON, the cell may transmit (e)PDCCH for carrying the information of  cell on/off state and cell on/off time. CRS may also need to be transmitted for demodulation, and time/frequency tracking. Only when the cell state changes, (e)PDCCH as an indicator needs to be transmitted. The periodicity of DTX_ON is only defined for UE to monitor the L1 signalling. 
As shown in Figure 1, when the cell is on, it can transmit any reference signals, common channels and data channels. UE need to monitor all subframes continuously to receive the data. Once the cell state changes, (e)PDCCH can be sent immediately. But when the cell is DTX_ON in off state, it only needs to transmit the corresponding signals/channels in DTX_ON and DRS burst subframes (i.e. DMTC). UE need only monitor DTX_ON and DRS burst subframes. When the cell state changes to off, (e)PDCCH can be sent only in DTX_ON. The former is a continuous subframe transmission mode, but the latter is not. In addition, DTX_ON should be aligned with DRS burst to reduce UE power consumption and detection complexity as option a in Figure 1.

Proposal 4: DCI message and other necessary RS (e.g. CRS used for demodulation, and time/frequency tracking) can be transmitted in DTX_ON duration when cell is off. Only when the cell state changes, DCI indicator needs to be transmitted. The DTX periodicity is only defined for UE to monitor the DCI signalling.
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Figure 1. Illustration of DTX ON and DRS burst when cell is off
2.1.4 DCI contents
Standalone on/off mechanism incorporated with above new L1 procedure can be regarded as fast on/off procedure, which can reach multiple subframes level or even subframe level on/off depend on the setting of DTX periodicity. DTX periodicity setting should consider the tradeoff between transition latency and UE power consumption. If DTX periodicity is set to one subframe, it means DCI can be transmitted in any subframe as long as the transition from off to on happens. But UE power consumption would be impacted.
UE can assume the cell on/off state has not changed between the first on subframe indicated by this indicator and the first off subframe indicated by next indicator, and vice versa. Hence the number of consecutive on subframes X needs not to be signalled with the DCI indicator.

Let Td denotes the delay in ms between the indicator and its corresponding first subframe on the SCell. [2] gives three possible value: Td = 0ms, or 1-2ms, or 4ms. We think the delay Td is not a fixed value, Td can be signalled to UEs contained in indicator. Take Figure 2 as an example, the delay of the left transition from off to on equals two subframes, and the delay of the right transition from off to on equals one subframes.
Therefore, we propose that the indicator should contain the information of the cell on/off state and the delay between the indicator and its corresponding first on subframe, but doesn’t need to include the number of consecutive on subframes. DCI format 1A/1C/3/3A can be employed to send the indicator. DCI format 1A/3/3A can be broadcast to a group of UEs after being scrambled by SI-RNTI, TPC-RNTI, P-RNTI, or a new common RNTI (e.g. SCEOnOff-RNTI). The following information is transmitted by means of the above DCI format:
· small cell on/off state – 1bit;
· small cell on/off delay – 1 or 2 bit, or more bits depend on permitted delay value;
Each small cell on/off state has 1 bit and indicates the on/off state of one small cell. The number of on/off delay bits depends on permitted delay value. There is no CIF bit because the serving SCells indicate their states on their own instead of PCell.
Proposal 5: The indicator should contain the information of the cell on/off state and the delay Td between the indicator and its corresponding first on subframe, but doesn’t need to include the number of consecutive on subframes.
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Figure 2. An example of indicator’s contents
2.2 Procedure of standalone on/off mechanism
Figure 3 illustrates the procedure with standalone on/off mechanism.
At first, the cell informs UEs with its DRS pattern, and cell DTX pattern, etc. DTX pattern is similar to DRS burst and also includes periodicity, offset, and duration. DRS burst should be aligned with DTX_ON duration so that they appear in DTX_ON duration, as shown in Figure 1. 
When the off cell is in DTX_ON duration, it might transmit DRS (in DRS burst), (e)PDCCH and CRS. Here DRS can be used for detecting and measuring the cell. (e)PDCCH carries the information of indicator and time of turning on the off cell. CRS may also need to be transmitted for demodulation, and time/frequency tracking. Only when the cell state changes, (e)PDCCH needs to be transmitted. The number of consecutive on subframes needs not to be signalled with the DCI indicator. UEs shall discontinuously monitor (e)PDCCH in each DTX_ON duration. Reasonable configuration of DTX pattern e.g. periodicity can reduce UE power consumption and shorten the transition time.
Then, if there is UL initiated call for a UE, it sends scheduling request or PRACH to the cell. Once detected the SR or PRACH sent by the UE, the cell should switch to “on” and provide service to the UE afterward. Otherwise, if there is DL initiated call for UE, the small cell should notify the UE that it will turn on by transmitting PDCCH order. The notification may also include the timing when the cell will be turned on. Meanwhile, the cell will start to transmit CSI-RS. UE can assume CSI-RS will be available following DCI and begin to operate CSI-RS based measurement. This can reduce the transition time. When the cell is turned on, the UE can report RRM measurement result to the cell.
Standalone on/off can further reduce the transition time due to the time introduced by handover, non-ideal backhaul and RRC configuration is reduced. 

2.3 Adaptation on/off switching mode (fast or semi-static on/off)
Due to the larger transition time caused by RRC signalling and non-ideal backhaul, HO based and DC based on/off mechanisms can be considered as semi-static on/off procedure. Standalone on/off mechanism incorporated with above new L1 procedure can be regarded as fast on/off procedure. Fast on/off procedure can reach radio frame even subframe level on/off.

Semi-static on/off and fast on/off are suitable for different scenarios. Semi-static small cell on/off can be employed in traffic load balancing, traffic load aggregation, mobility and other scenarios with relaxed transition time requirement. 

Fast small cell on/off can obtain significant performance gain since it has shortest transition time. Therefore, both fast on/off and semi-static on/off should be supported. Different on/off modes are corresponding to different transmission behaviours of the on/off cells and monitoring behaviour of UEs. So an on/off switching mode indication is needed for the on/off cells and UEs.

Proposal 6: An on/off switching mode indication should be informed to the on/off cells and UEs to support both fast on/off and semi-static on/off.
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Figure 3. Standalone on/off procedure

3. Conclusions

In this contribution, we have discussed an enhanced transition procedure of small cell on/off in detail. The proposals are summarized as follows:
Proposal 1: For fast on/off, there should be a unified solution not only for activated SCell but also for dual connectivity and other scenarios.
Observation: How to deal with DRX mode UE in on/off needs to be carefully studied. 
Proposal 2: Small cell standalone on/off mechanism should be supported. With standalone on/off mechanism, the indicator should be sent to a group of UEs from the serving SCell operating on/off to support fast on/off.
Proposal 3: DCI message should be utilized to indicate UEs with activated SCell on/off state.
Proposal 4: DCI message and other necessary RS (e.g. CRS used for demodulation, and time/frequency tracking) can be transmitted in DTX_ON duration when cell is off. Only when the cell state changes, DCI indicator needs to be transmitted. The DTX periodicity is only defined for UE to monitor the DCI signalling.
Proposal 5: The indicator should contain the information of the cell on/off state and the delay Td between the indicator and its corresponding first on subframe, but doesn’t need to include the number of consecutive on subframes.
Proposal 6: An on/off switching mode indication should be informed to the on/off cells and UEs to support both fast on/off and semi-static on/off.
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