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Introduction
During RAN2 #63bis, the issue of DRX and SPS alignment was raised and it was generally assumed that DRX and SPS should be aligned in order to save UE’s battery power [1]. However, the details have not been discussed. In this paper, we analyze this issue and propose general principles.    

Discussion
UL SPS alignment with DRX
Assume the UL SPS activation signalling is transmitted in TTI n, then the actual allocated uplink resource is on during TTI n+4 [2]. To make sure the allocated SPS resource occurs during the DRX On-duration, the earliest time that eNB transmits the UL SPS activation signalling should be 4 TTIs earlier than the start of the DRX On-duration. The latest time that eNB transmits the UL SPS activation signalling should be 4 TTIs earlier than the end of the DRX On-duration. This duration is noted as the UL SPS activation signalling transmission window. The length of the UL SPS activation signalling transmission window is equal to length of the DRX On-Duration. Figure 1 shows the timing diagram.    
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Figure 1. UL SPS activation signalling transmission window with respect to the DRX On-duration.
Hence, from the UE perspective, it only needs to detect the UL SPS activation/reconfiguration signalling during the UL SPS activation/reconfiguration transmission window which is shown in Figure 1. If the UE receives the UL SPS activation/reconfiguration signalling out of the window, the UE will ignore the UL SPS activation/reconfiguration signalling. Note that the proposal is not to increase the active time to include the 4 subframes prior to the on-duration, i.e. the UE will only check for SPS activation/reconfiguration in those 4 subframes prior to the on-duration in the case that the UE is already in active time.  If the DRX is not configured, the UE would detect for SPS activation/reconfiguration in all subframes. In addition, by limiting the UL SPS activation signalling detection time, the UL SPS false alarm rate is reduced as well [3]. Figure 2 shows the detection timing. 
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Figure 2. Uplink SPS activation signalling detection time with respect to the DRX On-duration.
Proposal 1: The UE only detects the UL SPS activation/reconfiguration during an UL SPS activation/reconfiguration transmission window, which precedes the DRX On-duration by 4ms. 

DL SPS alignment with DRX

The DL SPS activation is sent on the PDCCH and the allocated SPS resource is in the same TTI as the SPS activation signalling. If the eNB transmits DL SPS activation signalling during the DRX On-duration, the DRX and the SPS are implicitly aligned. Hence, the UE only needs to monitor the DL SPS activation signalling during the DRX On-duration. Further, by limiting the SPS activation detection time, the false alarm rate can also be reduced. Figure 3 shows the diagram. 
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Figure 3. DL SPS activation signalling detection time
Proposal 2: The UE only detects the DL SPS activation/reconfiguration during a DRX On-duration. 

Conclusion

We propose the following in order to align the DRX and the SPS. 
Proposal 1: The UE only detects the UL SPS activation/reconfiguration during an UL SPS activation/reconfiguration transmission window, which precedes the DRX On-duration by 4ms. 

Proposal 2: The UE only detects the DL SPS activation/reconfiguration during a DRX On-duration. 
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5.3.1
DL Assignment reception

Downlink assignments transmitted on the PDCCH indicate if there is a transmission on the DL-SCH for a particular UE and provide the relevant HARQ information.

When the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the UE shall for each TTI during which it monitors PDCCH:

-
if a downlink assignment for this TTI has been received on the PDCCH for the UE’s C-RNTI, or Temporary C‑RNTI:
-
if this is the first downlink assignment for this Temporary C-RNTI:

-
consider the NDI to have been toggled.
-
if either a downlink assignment has been received for the UE’s Semi-Persistent Scheduling C-RNTI or a configured downlink assignment has occurred since the previous received downlink assignment for the UEs C-RNTI for the same HARQ process:

-
consider the NDI to have been toggled regardless of the value of the NDI.
-
indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ entity for this TTI.

-
else, if a downlink assignment for this TTI has been received on the PDCCH for the UE’s Semi-Persistent Scheduling C-RNTI:

-
if the NDI in the received HARQ information is 1:

-
consider the NDI not to have been toggled;

-
indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ entity for this TTI.

-
else, if the NDI in the received HARQ information is 0:
-
if PDCCH contents indicate SPS release:

-
clear the configured downlink assignment (if any);

-
instruct the physical layer to transmit a positive acknowledgement.

-
else if this TTI is during the On Duration:
-
store the downlink assignment and the associated HARQ information as configured downlink assignment;

-
initialise (if not active) or re-initialise (if already active) the configured downlink assignment to start in this TTI and to recur according to rules in subclause 5.10.1;

-
set the HARQ Process ID to the HARQ Process ID associated with this TTI; 

-
consider the NDI bit to have been toggled;

-
indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity for this TTI.

-
else, if a downlink assignment for this TTI has been configured and there is no measurement gap in this TTI:

-
instruct the physical layer to receive, in this TTI, transport(s) block on the DL-SCH according to the configured downlink assignment and to deliver it to the HARQ entity;

-
set the HARQ Process ID to the HARQ Process ID associated with this TTI; 

-
consider the NDI bit to have been toggled;

-
indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity for this TTI.

The HARQ Process ID associated with this TTI is derived from the following equation:
HARQ Process ID = [floor(CURRENT_TTI/(Downlink Semi-Persistent Scheduling Interval))] modulo Number of Configured SPS Processes
where CURRENT_TTI=[(SFN * 10) + subframe number], Downlink Semi-Persistent Scheduling Interval is the periodicity of semi-persistent scheduling signalled via RRC and Number of Configured SPS Processes is the number of HARQ processes allocated for semi-persistent scheduling signalled via RRC.
When the UE needs to read BCCH, the UE may, based on the scheduling information from RRC:

-
if a downlink assignment for this TTI has been received on the PDCCH for the SI-RNTI;
-
the redundancy version of the received downlink assignment for this TTI is determined by RVK = ceiling(3/2*k) modulo 4, where k depends on the type of system information message: for SystemInformationBlockType1 message, k = (SFN/2) modulo 4, where SFN is the system frame number; for SystemInformation messages, k=i modulo 4, i =0,1,…, nsw-1, where i denotes the subframe number within the SI window nsw;
-
indicate a downlink assignment and redundancy version for the dedicated broadcast HARQ process to the HARQ entity for this TTI.

NOTE:
Downlink assignments for both C-RNTI and SI-RNTI or both Semi persistent scheduling C-RNTI and SI-RNTI can be received in the same TTI.
5.4.1
UL Grant reception

In order to transmit on the UL-SCH the UE must have a valid uplink grant (except for non-adaptive HARQ retransmissions) which it may receive dynamically on the PDCCH or in a Random Access Response or which may be configured semi-persistently. To perform requested transmissions, the MAC layer receives HARQ information from lower layers.

When the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the UE shall for each TTI during which it monitors PDCCH:

-
if an uplink grant for this TTI has been received on the PDCCH for the UE’s C-RNTI or Temporary C-RNTI; or

-
if an uplink grant for this TTI has been received in a Random Access Response:
-
if either an uplink grant has been received for the UE’s Semi-Persistent Scheduling C-RNTI or a configured uplink grant has occurred since the previous received uplink grant for the UEs C-RNTI for the same HARQ process:
-
consider the NDI to have been toggled regardless of the value of the NDI.
-
deliver the uplink grant and the associated HARQ information to the HARQ entity for this TTI.

-
else, if an uplink grant for this TTI has been received on the PDCCH for the UE’s Semi-Persistent C-RNTI:

-
if the NDI in the received HARQ information is 1:

-
consider the NDI not to have been toggled;

-
deliver the uplink grant and the associated HARQ information to the HARQ entity for this TTI.

-
else if the NDI in the received HARQ information is 0:
-
if PDCCH contents indicate SPS release:

-
clear the configured uplink grant (if any).

-
else if this TTI is during the time window which precedes the DRX On-Duration by 4ms:
-
store the uplink grant and the associated HARQ information as configured uplink grant;

-
initialise (if not active) or re-initialise (if already active) the configured uplink grant to start in this TTI and to recur according to rules in subclause 5.10.2;

-
consider the NDI bit to have been toggled;

-
deliver the configured uplink grant and the associated HARQ information to the HARQ entity for this TTI.

-
else, if an uplink grant for this TTI has been configured:

-
consider the NDI bit to have been toggled;

-
deliver the configured uplink grant, and the associated HARQ information to the HARQ entity for this TTI.

NOTE:
The period of configured uplink grants is expressed in TTIs.

NOTE:
If the UE receives both a grant for its RA-RNTI and a grant for its C-RNTI or Semi persistent scheduling C-RNTI, the UE may choose to continue with either the grant for its RA-RNTI or the grant for its C-RNTI or Semi persistent scheduling C-RNTI.
NOTE:
When a configured uplink grant is indicated during a measurement gap and indicates an UL-SCH transmission during a measurement gap, the UE processes the grant but does not transmit on UL-SCH.
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