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Introduction 
At RAN2#125bis meeting, RAN2 discussed the issue of when UE should initialize DRX_SFN_COUNTER. No complete conclusion was made. However, a preliminary agreement was made:  
	The intention is that the UE should initialize this counter at the same time as checking whether the SFN is in the first part or second part of HFN.   


In this paper, we continue the discussion on when is the right time to initialize DRX_SFN_COUNTER.
Discussion
First, we think it is important for NW and UE to initialize DRX_SFN_COUNTER at the same time. Otherwise, it is easy to find an example where NW and UE make different determination on the initial value of DRX_SFN_COUNTER. As a result, NW and UE would end up with mismatched DRX state variables. 
Observation 1. 	UE and NW shall initialize DRX_SFN_COUNTER at the same time. Therefore, this time should be an instance well defined for both UE and NW. 
Since the time instance for initializing DRX_SFN_COUNTER must be well defined for both NW and UE, we can identify three such instances within an RRC reconfiguration procedure:
Option 1. When UE successfully receives the RRC configuration message (see the note below) from NW (when HARQ ACK for the PDSCH which contains the RRC message is sent);
Option 2. Option 1 + RRC processing delay;
Option 3. When the first PUSCH transmission which contains UE’s response for the RRC configuration message is sent.
Note:	For convenience, here we have used a generic term “RRC configuration message” to denote any RRC message that contains a new DRX configuration for the UE. This notation will be used in the rest of this paper.
In Option 1, because of processing delay, it is not possible for the UE to determine if a RRC message contains a new DRX configuration immediately after the message is received. Instead, after the UE decodes the RRC message and determines that there is a new DRX configuration, the UE needs to “back date” its calculations for the new DRX state variables. More specifically,
· Suppose UE receives the RRC configuration message in slot M and decodes it in slot N. 
· After decoding the RRC configuration message in slot N, UE can determine whether slot M is located within the first or second half of an HFN and then initialize DRX_SFN_COUNTER accordingly. 
· However, since the new DRX configuration is not available until slot N, all DRX state variables before slot N must be determined based on the old DRX configuration and old value of DRX_SFN_COUNTER. The UE should use the new DRX configuration and the new value of DRX_SFN_COUNTER starting from slot N+1. During this step, if slot M and slot N are located on different sides of HFN boundary, UE needs to increment DRX_SFN_COUNTER when applying it to the calculation of the DRX state variables in slot N.
In Option 2 and Option 3, both NW and UE are ready to apply the new DRX configuration and determine the initial value for DRX_SFN_COUNTER by their respective time instances. Hence here is no room for NW and UE to interpret them differently and initialize DRX_SFN_COUNTER to different values. 
In Option 2, there are two possible ways for the UE to initialize DRX_SFN_COUNTER. Suppose UE receives the RRC configuration message in slot M and decodes it in slot N. 
· In Option 2a, the UE follows the agreement (“UE should initialize this counter at the same time as checking whether the SFN is in the first part or second part of HFN”), i.e. it determines the initial value of DRX_SFN_COUNTER in slot M+P (where P = maximum RRC processing delay of 10 msec in unit of slots) and applies the new DRX configuration in slot M+P as well.  
· In Option 2b, the UE “forward dates” the value of DRX_SFN_COUNTER, which is similar to the procedure used in Option 1 but in the opposite direction in time. More specifically, in slot N, UE determines whether slot M+P is located within the first or second half of an HFN and then initializes DRX_SFN_COUNTER accordingly. UE then applies the new DRX configuration in slot N. During this step, if slot M+P and slot N are located on different sides of HFN boundary, UE needs to decrement DRX_SFN_COUNTER when applying it in the calculation of the DRX state variables.
In Option 3, since the UE may not always know when it will get a UL grant to send its RRC response for the RRC configuration message, it is not always possible for UE to “forward date” the new DRX_SFN_COUNTER. Therefore, in Option 3, the UE must apply the new DRX configuration at the same time as it determines the value of DRX_SFN_COUNTER, which is immediately after the first PUSCH transmission which contains UE’s response for the RRC configuration message is sent. 
Now let us compare the pros and cons of these three options. 
· Option 1 and Option 2a require less change to the legacy DRX implementation. UE can still apply the new DRX configuration any time between it decodes the RRC configuration message and maximum RRC processing delay. However, these two options revert the agreement from the last meeting (“UE should initialize this counter at the same time as checking whether the SFN is in the first part or second part of HFN”) and require UE to determine the value of DRX_SFN_COUNTER at a time instance which is different from when UE applies the new DRX configuration.  
· Option 2b and Option 3 follow the agreement from the last meeting. UE must perform the two required steps, i.e. determines the initial value of DRX_SFN_COUNTER and applies the new DRX configuration, at the same time. However, they require UE to implement the DRX procedure differently from legacy when DRX cycle has non-integer values. 
Based on the above analysis, we make the following observation:
Observation 2. There can be two options for UE to initialize DRX_SFN_COUNTER and new DRX configuration:
· Option A. UE applies the new DRX configuration when it decodes the RRC message (as in legacy), but the initial value of DRX_SFN_COUNTER is determined either based on the time when a HARQ ACK for the RRC message is sent or at end of the maximum RRC processing delay.
· Option B. UE applies the new DRX configuration at the same time as when it determines the initial value of DRX_SFN_COUNTER, either immediately after the first PUSCH transmission which contains UE’s response to the RRC message or at end of the maximum RRC processing delay.
Between these two options, Option A is more desirable because it is more consistent with the legacy implementation that UE can apply new DRX configuration any time between it decodes the RRC configuration message and maximum RRC processing delay. Whereas Option B requires UE to have a different implementation on when to apply the new DRX configuration, if the DRX cycle has a non-integer value.
Observation 3. 	Option A is more desirable, because it is consistent with the legacy implementation that UE can apply a new DRX configuration any time between it decodes the RRC message and at end of the maximum RRC processing delay. 
As to which time instance in Option A should be used, we think the time of successful reception of the RRC configuration message is better than the maximum RRC processing delay. This is because the latter may require UE to decrement DRX_SFN_COUNTER to decrement from 0. Since the spec does not mandate a maximum value for DRX_SFN_COUNTER, for a brief period UE and NW may have different values for the counter. This should not be an issue since it is within the “ambiguity period” in RRC reconfiguration procedure. Nevertheless, it is better to have less possibility of mismatch between UE and NW.
Observation 4.	Within Option A, it is more desirable to initialize DRX_SFN_COUNTER based on the time when a HARQ ACK for the RRC message is sent than at end of the maximum RRC processing delay, because it has less possibility of mismatch between UE and NW on the value of DRX_SFN_COUNTER.
Based on the above observations, we propose the following:
Proposal 1. 	UE determines the initial value of DRX_SFN_COUNTER based on the time when a HARQ ACK for the RRC message containing a DRX re-/configuration is sent. UE applies the new DRX configuration when it decodes the RRC message (as in legacy).
Conclusion
Based on the above analysis, we respectively request RAN2 to discuss and agree to the following proposals:
Observation 1. 	UE and NW shall initialize DRX_SFN_COUNTER at the same time. Therefore, this time should be an instance well defined for both UE and NW. 
Observation 2. 	There can be two options for UE to initialize DRX_SFN_COUNTER and new DRX configuration:
· Option A. UE applies the new DRX configuration when it decodes the RRC message (as in legacy), but the initial value of DRX_SFN_COUNTER is determined either based on the time when a HARQ ACK for the RRC message is sent or at end of the maximum RRC processing delay.
· Option B. UE applies the new DRX configuration at the same time as when it determines the initial value of DRX_SFN_COUNTER, either immediately after the first PUSCH transmission which contains UE’s response to the RRC message or at end of the maximum RRC processing delay.
Observation 3. 	Option A is more desirable, because it is consistent with the legacy implementation that UE can apply a new DRX configuration any time between it decodes the RRC message and maximum RRC processing delay. 
Observation 4.	Within Option A, it is more desirable to initialize DRX_SFN_COUNTER based on the time when a HARQ ACK for the RRC message is sent than at end of the maximum RRC processing delay, because it has less possibility of mismatch between UE and NW on the value of DRX_SFN_COUNTER.
Proposal 1. 	UE determines the initial value of DRX_SFN_COUNTER based on the time when a HARQ ACK for the RRC message containing a DRX re-/configuration is sent. UE applies the new DRX configuration when it decodes the RRC message (as in legacy).
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