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1.
Introduction
In previous meeting, following agreement was made.
· In E-UTRAN, the paging indicator, which comprises of UE group identity (one or multiple PCCH-RNTI) and scheduling information for paging message, shall be sent on downlink L1/L2. Paging offset applies.

· The paging message shall be transmitted on PCH. 
Generally, paging means notification to the both Active and Idle mode UE of incoming data. Above mechanism can be clearly applied to the idle mode UE. But whether above mechanism can be applied or efficient for LTE_ACTIVE UE is not clarified enough. Thus, in this contribution, we look into notification of incoming DL data at different UE status. 
2.
Discussion
2.1 LTE_IDLE to LTE_ACTIVE
There is no context in the eNB for the LTE_Idle UE. Thus, paging message has to be sent first and signalling connection has to be established at UE. Until the establishment of UE context in eNB and aGW, the data can not be delivered to the UE. Following figure shows the steps of data delivery.
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Figure 1 Idle to Active case
1. Paging is initiated in aGW. aGW sends Paging to eNBs within the Tracking Area.
2. UE wakes up according to its DRX cycle. If the UE finds its paging group ID within L1/L2 control channel, it further receives PCH as indicated by L1/L2 control channel. When its upper layer identity is found within the PCH, it is forwarded from physical layer to RRC

3. RRC layer and upper layer start establishing connection to eNB and aGW.

4. After signalling establishment, Downlink data is transmitted.

2.2 DL Data Transfer In LTE_ACTIVE

It is stated in 25.813 that DRX/DTX periods can be configured according to activity level. Furthermore, LTE_ACTIVE UE is classified into synchronized UE and non-synchronized UE. This UE checks at regular interval whether there is data for it according to its DRX cycle.

In this section, we look at the DL data delivery to the LTE_ACTIVE UEs according to its synchronization status in the uplink. 

2.2.1 Synchronized UE

This is the basic UE operation in LTE_ACTIVE state. Because it’s highly probable that data in both UL and DL direction is available at any time, the UE is required to keep its uplink synchronization. The DL data transmission in this case is straightforward.
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Figure 2 DL Data to synchronized LTE_Active UE
1. Because there is an established connection, there is no need to perform paging procedure from aGW. Packets arrived at aGW is forwarded to eNB.

2. UE wakes up according to its DRX cycle or the UE may continuously monitors DL channels. If the UE finds its C-RNTI within L1/L2 control channel, it further receives its data over DL-SCH as indicated by L1/L2 control channel. 

3. The received Downlink data is forwarded to upper layer.

2.2.2 Non-Synchronized UE

The eNB may decide to put a UE into non-synchronized state when it predicts that there will be no data to this UE for the time being. This will be a common scenario for the user who does web-browsing and it is beneficial for battery saving.
The behaviour of non-synchronized UE is quite different from that of synchronized UE because the non-synchronized UE does not keep uplink synchronization. At least, the UE can not immediately send ACK/NACK or CQI. Thus downlink data transmission can not immediately begin.
In this case, there are many options to the initiation of the downlink data transmission. Followings differentiate each option:

· What resource is used to send notification or response?
If L1/L2 control channel itself can indicate the ID of paged UE, there is no need to use PCH. But if not, PCH should be used.

· Whether synchronized RACH is used or not?
After a UE regains uplink synchronization, a UE can use either synchronized RACH or UL-SCH.

· Whether RRC is involved?
If synchronization status in the UE is controlled by RRC or C-RNTI is not available, RRC may be involved [ffs]. If paging messages is RRC message even for LTE_ACTIVE UE, RRC will be involved.
· Whether C-RNTI is kept for Non-synchronized UE?
If the number of C-RNTI that can be allocated is small, C-RNTI may be de-allocated for the UE in non-synchronized UE.
Below, possible options are described.
2.2.2.1 Option 1
In this option, it is assumed that the non-synchronized UE does not have an allocated C-RNTI. Accordingly, this option is similar to the case of paging to LTE_Idle UE.
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Figure 3 DL Data to non-synchronized LTE_Active UE, Option 1
1. Because there is an established connection, there is no need to perform paging procedure from aGW. Packets arrived at aGW is forwarded to eNB.

2. UE wakes up according to its DRX cycle or the UE may continuously monitor DL channels. If the UE finds its paging group ID within L1/L2 control channel, it further receives PCH as indicated by L1/L2 control channel. The received Paging message is relayed to RRC to check whether its upper layer identity is matched or not. 
3. If its upper layer identity is found, the UE start paging procedure. Because the context of the UE is already in eNB, there is no need to start RRC establishment procedure. To send paging response, the UE performs non-synchronized RACH access. 

4. As response to RACH access, the eNB send TA information and allocated UL-SCH resource information.

5. The UE send paging response message using the allocated UL-SCH resource. In this message, UE upper identity is included for eNB to do contention resolution.
6. After identifying the response from the UE, the eNB allocates new C-RNTI to the UE that will be used for data delivery.
7. If the UE finds its C-RNTI within L1/L2 control channel, it further receives its data over DL-SCH as indicated by L1/L2 control channel. 

8. The received Downlink data is forwarded to upper layer.

2.2.2.2 Option 2

In this option, it is assumed that the C-RNTI is kept in the UE while the UE is in the non-synchronized state. Thus, C-RNTI can be used to identify paging. This approach is similar to the case of synchronized UE.
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Figure 4 DL Data to non-synchronized LTE_Active UE, Option 2
1. Because there is an established connection, there is no need to perform paging procedure from aGW. Packets arrived at aGW is forwarded to eNB.

2. UE wakes up according to its DRX cycle or the UE may continuously monitors DL channels. If the UE finds its C-RNTI within L1/L2 control channel, it knows that there is downlink data for it. Because the uplink synchronization is not available for this UE, it may not be needed to allocated UL-SCH resource at this stage. But for fast re-synchronization, it can be considered to allocate dedicated resources for RACH access. It is FFS whether RRC has to be involved. 

3. To respond to the notification, the UE performs non-synchronized RACH access. If the timing of response and the notification is well defined, using the specific preamble for this re-synchronization will further reduce the transit time. 
4. As response to the access by the UE, the eNB sends TA information and additionally UL-SCH resource.

5. The UE send paging response message using the allocated UL-SCH resource to notify its presence to eNB. This message should include C-RNTI of the UE. Or, if there is no ambiguity in identifying user in step 3, this step can be skipped.
6. If the UE finds its C-RNTI within L1/L2 control channel, it further receives its data over DL-SCH as indicated by L1/L2 control channel. 

7. The received Downlink data is forwarded to upper layer.

2.2.2.3 Option 3

In this option, it is assumed that the C-RNTI is kept in the UE and the C-RNTI is used to identify paging. In this case, non-synchronized RACH is first used to align uplink transmission timing. After that, synchronized RACH is used to send response. I.e, eNB knows the availability of the UE by detecting synchronized RACH access.
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Figure 5 DL Data to non-synchronized LTE_Active UE, Option 3
1. Packets arrived at aGW is forwarded to eNB.

2. UE wakes up according to its DRX cycle or the UE may continuously monitors DL channels. If the UE finds its C-RNTI within L1/L2 control channel, it detects that there is downlink data for it. It is FFS whether RRC has to be involved. 

3. To send paging response, the UE performs non-synchronized RACH access. This is used only to perform uplink timing synchronization. To expedite the procedure, the specific code point of preamble sequence can be used.
4. As response to the RACH access, the eNB send TA information. Here, no specific UL-SCH resource is allocated by eNB.
5. Because the synchronization is already achieved, the UE performs synchronized RACH access. Because more bits can be included into synchronized RACH, it is assumed that the synchronized RACH preamble includes the C-RNTI of the UE. Thus, when the eNB successfully decodes this RACH access, the eNB knows that the UE is ready to receive downlink data.
6. If the UE finds its C-RNTI within L1/L2 control channel, it further receives its data over DL-SCH as indicated by L1/L2 control channel. 

7. The received Downlink data is forwarded to upper layer.

2.2.2.4 Option 4

In this option, it is assumed that the UE keeps its C-RNTI while in non-synchronized stated and it is further assumed that C-RNTI alone can not be included into L1/L2 control channel. Thus, PCH is used similar to option 1.
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Figure 6 DL Data to non-synchronized LTE_Active UE, Option 4
1. Packets arrived at aGW is forwarded to eNB.

2. UE wakes up according to its DRX cycle or the UE may continuously monitors DL channels. If the UE finds its paging group ID within L1/L2 control channel, it further receives PCH as indicated by L1/L2 control channel. When its C-RNTI is found in PCH, it starts to access eNB. 
3. To send a response, the UE performs non-synchronized RACH access. 

4. As response to RACH access, the eNB send TA information and allocated UL-SCH resource information.

5. The UE send paging response message using the allocated UL-SCH resource to notify its presence to eNB. This message includes C-RNTI of the UE. After receiving this message, the eNB knows that the UE is ready to receive.
6. If the UE finds its C-RNTI within L1/L2 control channel, it further receives its data over DL-SCH as indicated by L1/L2 control channel. 

7. The received Downlink data is forwarded to upper layer

2.2.2.5 Comparison
In this section, the options listed above for data delivery to the non-synchronized UE are briefly compared.
	
	Pros
	Cons

	Option 1
	- Due to similarity to the Idle-to-Active procedure, no need to define separate procedure. 
	- The procedure takes more time and messages
- More resources are needed for PCH.

- RRC processing load may be increased.

	Option 2
	- PCH resources are saved. Especially when, minimum size of PCH resource is bigger than C-RNTI size in L1/L2 control channel.
- C-RNTI can be easily fit into any L1/L2 Control channel.

- Faster compared to options.
	- Compared to option 3, there are possibility of contention when sending paging RSP if two UE access simultaneously.

	Option 3
	- By use of synchronized RACH, there is no needed to allocate UL-SCH.
- PCH resources are not needed.
	- More synchronized RACH resource may be needed in addition to the non-synchronized RACH resource.
- Compared to option 1, synchronized RACH may took a longer time than UL-SCH.

	Option 4
	- Due to similarity to the Idle-to-Active procedure, additional format may not be needed in L1/L2 control channel. 
- Compared to option 1, C-RNTI allocation step is not needed.
	- If all the data over PCH is processed in RRC, RRC load is increased. 
- More resources are needed for PCH.


Option 1 and 4 seems to require more steps and additionally takes up PCH resources. On the other hand, option 2 and option 3 does not increase PCH load and can be easily fit into L1/L2 control channel. But option 3 increases synchronized RACH load in addition to the non-synchronized RACH load. Because option 2 is simpler and faster compared to other options, option 2 seems to be a way forward.
3.
Proposal
It is proposed to discuss procedures described above in each section. It is further proposed that each appropriate section is reflected into TR and TS.
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