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1 Introduction

In this document, we discuss a SFN wrap-around issue for 60ms and 70ms CDRX cycles at each SFN boundary. The issue is due to the fact that 60 and 70 are not divisors of 10240, where 1024 is the SFN range. 
In release 11, 60ms and 70ms CDRX cycles were introduced for devices supporting the In-device coexistence feature. In RAN2#92 meeting, the C-DRX Cycle 60ms was made mandatory for all UEs in Release 13 by R2-161967 in order to reduce UE VoLTE power consumption. 
2 SFN wrap-around issue for 60ms and 70ms CDRX cycles
TS. 36.321 specifies the UE behavior below:
-
If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle); or

-
if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:

-
start onDurationTimer.

If long DRX cycle 60ms is configured, we can calculate the yellow part above for each TTI in the table below. It is clear that for the last DRX cycle in the SFN range, DRX offsets 0-39 have OnDuration, whereas DRX offsets 40-59 does not. Hence, effectively, the last DRX cycle length is 40ms for DRX offsets 0-39, and 100ms for DRX offsets 40-59. This happens only at every SFN boundary. 
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Observation 1: if 60ms C-DRX cycle is configured, UEs with DRX offsets 40-59 experience 100 ms C-DRX cycle once every 10.24 seconds; whereas UEs with DRX offsets 0-39 experience 40 ms C-DRX cycle once every 10.24 seconds.
3 Possible Solutions
Proposal 1: No spec change. The eNB does not configure the problematic C-DRX offsets, e.g. for 60ms CDRX cycle, the eNB only configures DRX offsets 0-39 and not 40-59.

Proposal 2: No spec change. We tolerate a long CDRX cycle once every 10.24s. 

Proposal 3: Introduce a new counter per UE (superSFN: 0..20) in 36.321 as following. 
a. Introduce a new variable superSFN. Upon configuration of CDRX, the UE considers the current superSFN = 0. The UE increments superSFN by one when SFN is zero. 

b. Define TTInumber = (superSFN * 10240) + (SFN * 10) + subframe number

c. Change the MAC rules as below. The red text is newly added. The black text is existing one.
-
if the Long DRX Cycle is used and [(superSFN * 10240) + (SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:

-
start onDurationTimer.

Proposal 4: Give the UEs with problematic DRX offsets (e.g., DRX offsets 40-59 for 60 ms CDRX cycle) an extra OnDuration in the first DRX cycle of each SFN range. 
A companion 36.321 CR for Proposal 4 is in R2-162852.
An example for 60ms CDRX cycle is in the table below. In the example, 

· both DRX offset 0 and 40 start OnDuration at TTI 0 (SFN 0, Subframe number 0); 
· both DRX offset 1 and 41 start OnDuration at TTI 1 (SFN 0, Subframe number 0);

· both DRX offset 19 and 59 start OnDuration at TTI 19 (SFN 1, Subframe number 9).
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The resulting spec change from Proposal 4 is below. The newly added red text gives an extra OnDuration in the first DRX cycle of each SFN range to the UEs that cannot get an OnDuration in the last DRX cycle of the previous SFN range.
-
if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:

-
start onDurationTimer.
-
if the Long DRX Cycle is used and,  drxStartOffset >= [10240 modulo (longDRX-Cycle)] and,  [10240 modulo (longDRX-Cycle)]  + (SFN * 10 ) + subframe number = drxStartOffset:



-    start onDurationTimer.
For example, for 60ms CDRX cycle, 

· The second condition (underlined) above is: drxStartOffset >= [10240 modulo (longDRX-Cycle)].  Here [10240 modulo (longDRX-Cycle)] = 10240 modulo 60 = 40. So 40 is the smallest offset that cannot get an OnDuration in the last DRX cycle of the SFN range. 
· Hence, the second condition makes sure the extra OnDuration is only for the problematic offsets with values (40 <= drxStartOffset <= 59).
· The third condition above is: [10240 modulo (longDRX-Cycle)]  + (SFN * 10 ) + subframe number = drxStartOffset. Here [10240 modulo (longDRX-Cycle)] = 10240 modulo 60 = 40. So the third condition becomes: 40 + (SFN * 10 ) + subframe number = drxStartOffset. Since the second condition above gurantees that (40 <= drxStartOffset <= 59), we conclude below.
· The third condition makes sure the extra OnDuration only happens in the first DRX cycle of a SFN range, where 0 <= (SFN * 10 ) + subframe number <= 19.  
For 40ms CDRX cycle or other CDRX cycles that are divisors of 10240, the above newly added red text will have the same effect as the existing 36.321 text that is above the red text. So the red text above does not change the DRX behaviour for these CDRX cycles. However, for readability or other reasons, if we want to make sure the newly added red text only applies to the problematic CDRX cycles (e.g., 60ms and 70ms) and not other CDRX cycles (e.g., 40ms), we can add one more “and” condition “if [10240 modulo (longDRX-Cycle)] is not zero” to the red text above. The resulting add new text is below, which is also in a companion CR R2-162852.
-
if the Long DRX Cycle is used, and, [10240 modulo (longDRX-Cycle)] is not zero, and, drxStartOffset >= [10240 modulo (longDRX-Cycle)], and,  [10240 modulo (longDRX-Cycle)]  + (SFN * 10) + subframe number = drxStartOffset:

-
start onDurationTimer.

4 Analysis

An analysis of the 4 proposals in Section 3 are in the table below.
	
	Spec change?
	VoLTE quality degradation?
	Implementation Change?

	Proposal 1
	No
	No
	Only eNB

	Proposal 2
	No
	UE experience a 100ms CDRX cycle once every 10.24s.
	No

	Proposal 3
	Yes
	Yes.

The eNB and UE may have different understanding of the time for superSFN=0, especially when the RRCConnectionReconfiguration containing CDRX configuration is transmitted near the SFN boundary and is retransmitted by HARQ or RLC. If this happens, the CDRX cannot work.
	eNB and UE

	Proposal 4
	Yes
	No
	eNB and UE


5 Conclusion 

Proposal 1: RAN2 to discuss the 4 alternative solutions in Section 3, and conclude a solution.
A companion 36.321 CR for Proposal 4 is in R2-162852.
