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1 Introduction 

In current specs, the Semi-Persistent Scheduling (SPS) can be used to reduce control channel overhead for applications that require persistent radio resource allocations (e.g. VoIP). In eIMTA, since the UL/DL configurations can be reconfigured dynamically by eNB, some restriction may be introduced in the SPS operation. The intention of this contribution is to discuss the SPS operation in eIMTA, and try to identify the potential restrictions.

2 Discussion on SPS operation

2.1
DL SPS resource in eIMTA

The location of DL SPS transmission resources are calculated based on the formula given in TS 36.321, which can be found as follow:
------------------------------------------------ text from 36.321 Start----------------------------------------------------------

After a Semi-Persistent downlink assignment is configured, the UE shall consider sequentially that the Nth assignment occurs in the subframe for which:

-
(10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * semiPersistSchedIntervalDL] modulo 10240.

Where SFNstart time and subframestart time are the SFN and subframe, respectively, at the time the configured downlink assignment were (re-)initialised.

------------------------------------------------ text from 36.321 End----------------------------------------------------------

The range of semiPersistSchedIntervalDL  is {sf10, sf20, sf32, sf40, sf64, sf80, sf128, sf160, sf320, sf640 }, however, for TDD, the UE shall round this parameter down to the nearest integer (of 10 sub-frames), which means the DL SPS resource will always located in the sub frame which carried SPS downlink assignment. Considering the agreement has been made in eIMTA that only the UL subframe and special subframe can be reconfigured dynamically in eIMTA, the only issue for DL SPS is whether eNB can send the SPS downlink assignment on the special subframe in case the special subframe can be reconfigured dynamically.  

One example is given as follow:
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In this example, the subframe #6 is special subframe according the SIB1 (UL/DL CFG 0), but can be reconfigured to a normal DL subframe (UL/DL CFG 3) by eIMTA command dynamically. If a legacy UE receives SPS downlink assignment in subframe #6, since legacy UE is not awareness of eIMTA operation, legacy UE will perform SPS reception in subframe #6 with special subframe format.

Observation 1: For the legacy UE, if the SPS downlink assignment is received on subframe #6, which is a special subframe according to SIB1, UE will perform SPS reception in subframe #6 with special subframe format.
In RAN1#76, the following agreements have been made in RAN1 

--------------------------------------------- Agreement from RAN1Start----------------------------------------------------

If the subframe #6 is a special subframe indicated by SIB1 but a regular DL subframe indicated by the dynamic subframe configuration, the UE shall assume subframe #6 is a regular DL subframe for unicast traffic; 
If the subframe #6 is a special subframe indicated by SIB1 but a regular DL subframe indicated by the dynamic subframe configuration, the UE shall assume subframe #6 is a regular DL subframe for broadcast traffic”
---------------------------------------------- Agreement from RAN1End-----------------------------------------------------

According to the agreement above, we can see that once the special subframe #6 is reconfigured to a normal DL subframe, eNB will send data on subframe #6 using normal DL subframe format instead of special subframe format for both unicast and broadcast. 
Observation 2: Once the special subframe #6 is reconfigured to a normal DL subframe, normal DL subframe format will be used instead of special subframe format for both unicast and broadcast on the eNB side.
Considering the difference between normal DL subframe format and special subframe format, from the analysis above, it can be conclude that the legacy UE can not receive SPS transmission in subframe #6 using special subframe format in case the special subframe has already been reconfigured to normal DL subframe. 

Observation 3: The legacy UE can not perform SPS reception successfully on the subframe, which is a special subframe according to SIB1 but reconfigured to a normal DL subframe in eIMTA, due to the mismatch of subframe format.
Since legacy UE is not awareness of eIMTA operation and will treat the subframe #6 according to SIB1, eNB can still allocate the special subframe #6 to legacy UE for SPS transmission in the eIMTA enabled cell (i.e. UE will not reject this kind of configuration) in case the subframe #6 has not been reconfigured to a normal DL subframe. In order to avoid the transmission failure, we propose to add some restriction on the eNB side as follow:

Proposal 1: There is no need for change on the behaviour of legacy UE on the DL SPS reception operation. It’s up to eNB’s implementation to guarantee that if the subframe #6 has already been assigned to any legacy UE for SPS reception as special subframe, eNB shall not reconfigure the subframe #6 from special subframe to normal DL subframe by eIMTA command. 
For the eIMTA enabled UE, considering the eIMTA enabled UE will maintain the dynamic UL/DL configuration by receiving eIMTA command, the eIMTA enabled UE can know which subframe format should be used for subframe #6 correctly. So, the issue is whether UE can automatically change the number of DL OFDM symbols in the calculation of rate-matching of PDSCH. Since this is already an existing capability for UE to adapt to different number of OFDM symbols in PDCCH region as well as the OFDM symbols outside PDCCH region, we think the automatic switch between special subframe format and normal DL subframe format in eIMTA operation can be supported with a reasonable complexity. One concern may be raised is that the eIMTA enabled UE may use wrong subframe format to receive the SPS transmission due to the mission of eIMTA command. However, this kind of mismatch will happen in dynamic scheduling and SPS retransmission in subframe #6 as well, no extra risk (e.g. interference to other UE) will be introduced by locating the SPS DL transmission in subframe #6 for the eIMTA enabled UE. Also considering the eIMTA UE should anyway support dynamic scheduling and SPS retransmission in subframe #6 in case the subframe #6 has been reconfigured from special subframe to normal subframe. We give our proposal as follow:

Proposal 2: For the eIMTA enabled UE, if subframe #6 is assigned for SPS DL transmission, UE shall perform the SPS reception with the subframe format according to the dynamic UL/DL configuration instead of UL/DL configuration in SIB1.
2.2
UL SPS resource in eIMTA

The location of UL SPS transmission resources are calculated based on the formular given in TS 36.321, which can be found as follow:
------------------------------------------------ text from 36.321 Start----------------------------------------------------------

After a Semi-Persistent Scheduling uplink grant is configured, the UE shall:

-
if twoIntervalsConfig is enabled by upper layer:

-
set the Subframe_Offset according to Table 7.4-1.

-
else:

-
set Subframe_Offset to 0.

-
consider sequentially that the Nth grant occurs in the subframe for which:

-
(10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * semiPersistSchedIntervalUL + Subframe_Offset * (N modulo 2)] modulo 10240.
Where SFNstart time and subframestart time are the SFN and subframe, respectively, at the time the configured uplink grant were (re-)initialised.
/*omitted*/
Table 7.4-1: Subframe_Offset values
	TDD UL/DL configuration
	Position of initial Semi-Persistent grant
	Subframe_Offset value (ms)

	0
	N/A
	0

	1
	Subframes 2 and 7
	1

	
	Subframes 3 and 8
	-1

	2
	Subframe 2
	5 

	
	Subframe 7
	-5

	3
	Subframes 2 and 3
	1

	
	Subframe 4
	-2

	4
	Subframe 2
	1

	
	Subframe 3
	-1

	5
	N/A
	0

	6
	N/A
	0


------------------------------------------------ text from 36.321 End----------------------------------------------------------

Similar as DL, for TDD, the value of parameter semiPersistSchedIntervalUL will be rounded down to the nearest integer (of 10 sub-frames), so the UL SPS resource will always located in the sub frame which carried SPS uplink assignment if the twoIntervalsConfig is not enabled or the value of Subframe Offset is 0. If twoIntervalsConfig is enabled and the value of Subframe_Offset is not 0, the SPS uplink resource will located in two different subframe alternately according to the formula given above.

Considering the UL subframe can be reconfigured to DL by eIMTA command dynamically. For the legacy UE, which is not awareness the eIMTA operation, we give our observation as:

Observation 4: The legacy UE will perform UL SPS transmission in the UL subframe even if the subframe assigned has already been reconfigured to DL subframe dynamically, and some interference will be caused.
For the eIMTA enabled UE, although the eIMTA enabled UE can maintain the dynamic UL/DL configuration by receiving eIMTA command, there still exist some risk of missing eIMTA command which will cause a mismatch of UL/DL configuration on both eNB and UE side. 

Observation 5: The eIMTA enabled UE may perform UL SPS transmission in the UL subframe in case the subframe assigned has already been reconfigured to DL subframe dynamically due to the missing of eIMTA command.
Even if the UE can receive the eIMTA command correctly, delay or cancel the SPS transmission in the subframe, which has already been reconfigured from UL to DL, will lead to considerable negative impact on the user experience. In order to guarantee the QoS and avoid interference, we give our proposal as:

Proposal 3: There is no need for change on the behaviour of both legacy UE and eIMTA enabled UE on the UL SPS operation. It’s up to eNB’s implementation to guarantee that, for both legacy UE and eIMTA enabled UE, eNB shall only configure the UL SPS resources in the UL subframe, which can not be configured to DL subframe dynamically.
Based on the proposal 3, we have some analysis on the “twoInterval” to find out whether the “twoInterval” can be used in eIMTA enabled cell. The detail of analysis result can be found in annex and a summary is given as follow:

	UL/DL CFG
in SIB1
	Position of initial SPS grant
	Subframe_Offset value (ms)
	Reference UL/DL
 CFG 2
	Reference UL/DL 
CFG 4
	Reference UL/DL
 CFG 5

	1
	Subframes 2 and 7
	1
	No
	Subframe 2
	No

	
	Subframes 3 and 8
	-1
	No
	Subframe 3
	No

	2
	Subframe 2
	5
	N/A
	N/A
	No

	
	Subframe 7
	-5
	N/A
	N/A
	No

	3
	Subframes 2 and 3
	1
	N/A
	Subframe 2
	No

	
	Subframe 4
	-2
	No
	No
	No

	4
	Subframe 2
	1
	N/A
	No
	No

	
	Subframe 3
	-1
	N/A
	No
	No


In the table above, we calculate the position of UL SPS resource in each scenario (i.e. combination of “UL/DL configuration in SIB” and “UL/DL reference configuration”) and compare the position of these resource with the possible reference UL/DL configuration to check whether any UL SPS resource will located on the subframe which can be reconfigured from UL to DL dynamically. If any subframe in “Position of initial SPS grant” can fulfill that all the calculated subframe for UL SPS resource are the UL subframe in the reference UL/DL configuration, we will mark the related grid as green and indicate the subframe of initial SPS grant in this grid, otherwise, we mark the grid as red and fill it as “No”.

Based the analysis above, we can see that in case the UL/DL configuration 1 is broadcasted in SIB1 and the reference configuration is 4 (i.e. subframe 2/3 will not be reconfigured to DL dynamically), the subframe 2 and 7 can still be configured for UL SPS transmission with twoInterval; and also in case the UL/DL configuration 3 is broadcasted in SIB1 and the reference configuration is 4, the subframe 2 can be configured for UL SPS transmission with twoInterval as well.

From the analysis given above, we can see the “twoInterval” can still be used in case the UL/DL reference configuration is 4. And we give our proposal as:

Proposal 4: There is no need for change on the behaviour of both legacy UE and eIMTA enabled UE on the UL SPS operation. It’s up to eNB’s implementation to guarantee that the UL subframe calculated based on the two Interval mechanisms will not be reconfigured to DL dynamically.

2.3
SPS retransmission and command

SPS retransmission

The retransmission resource in both UL/DL SPS operation is scheduled dynamically in PDCCH with SPS-RNTI, which is the quite similar as the retransmission of normal dynamic scheduling. So, we give our proposal as:

Proposal 5: DL/UL SPS retransmission is performed in the same way as dynamic scheduling retransmission in eIMTA.

SPS (re)activation command

SPS (re)activation command is carried in PDCCH with SPS-RNTI and be used to activate the SPS operation and assign the resource for SPS operation. For downlink, the resource for SPS operation will locate in the same subframe as subframe where the SPS (re)activation command received; for uplink, the uplink scheduling timing will follow UL-DL configuration signalled in SIB1. Since UE will decode the PDCCH with SPS-RNTI, if configured, for retransmission, and considering the timing relationship between SPS (re)activation command and UL/DL SPS resource, we give our proposal as:

Proposal 6: SPS (re)activation command shall fulfill the timing requirement of restriction for UL/DL SPS resource given in this contribution. No extra restriction is needed on both UE and eNB side.

SPS Release command

SPS release command can be used to release the SPS resource. Since UE will decode the PDCCH with SPS-RNTI, if configured, for retransmission. we give our proposal as:

Proposal 7: No extra restriction is needed on the reception of SPS release command on UE side (i.e. UE should be ready to receive the SPS release command in case the PDCCH with SPS-RNTI is monitored). It’s up to eNB’s implementation to guarantee that, for legacy UE, the SPS release command can not be sent on subframe #6, which has already been reconfigured from special subframe to normal DL subframe.

3 Conclusion 

RAN2 is encouraged to discuss the issues listed above and consider the observation and proposal as follow:

Observation 1: For the legacy UE, if the SPS downlink assignment is received on subframe #6, which is a special subframe according to SIB1, UE will perform SPS reception in subframe #6 with special subframe format.

Observation 2: Once the special subframe #6 is reconfigured to a normal DL subframe, normal DL subframe format will be used instead of special subframe format for both unicast and broadcast on the eNB side.

Observation 3: The legacy UE can not perform SPS reception successfully on the subframe, which is a special subframe according to SIB1 but reconfigured to a normal DL subframe in eIMTA, due to the mismatch of subframe format.

Observation 4: The legacy UE will perform UL SPS transmission in the UL subframe even if subframe assigned has already been reconfigured to DL subframe dynamically, and some interference will be caused.

Observation 5: The eIMTA enabled UE may perform UL SPS transmission in the UL subframe in case the subframe assigned has already been reconfigured to DL subframe dynamically due to the missing eIMTA command.
-----------------------------------------------------------------------------------------------------------------------------------

Proposal 1: There is no need for change on the behaviour of legacy UE on the DL SPS reception operation. It’s up to eNB’s implementation to guarantee that if the subframe #6 has already been assigned to any legacy UE for SPS reception as special subframe, eNB shall not reconfigure the subframe #6 from special subframe to normal DL subframe by eIMTA command. 
Proposal 2: For the eIMTA enabled UE, if subframe #6 is assigned for SPS DL transmission, UE shall perform the SPS reception with the subframe format according to the dynamic UL/DL configuration instead of UL/DL configuration in SIB1.
Proposal 3: There is no need for change on the behaviour of both legacy UE and eIMTA enabled UE on the UL SPS operation. It’s up to eNB’s implementation to guarantee that, for both legacy UE and eIMTA enabled UE, eNB shall only configure the UL SPS resources in the UL subframe, which can not be configured to DL subframe dynamically.
Proposal 4: There is no need for change on the behaviour of both legacy UE and eIMTA enabled UE on the UL SPS operation. It’s up to eNB’s implementation to guarantee that the UL subframe calculated based on the two Interval mechanisms will not be reconfigured to DL dynamically.
Proposal 5: DL/UL SPS retransmission is performed in the same way as dynamic scheduling retransmission in eIMTA.

Proposal 6: SPS (re)activation command shall fulfill the timing requirement of restriction for UL/DL SPS resource given in this contribution. No extra restriction is needed on both UE and eNB side.

Proposal 7: No extra restriction is needed on the reception of SPS release command on UE side (i.e. UE should be ready to receive the SPS release command in case the PDCCH with SPS-RNTI is monitored). It’s up to eNB’s implementation to guarantee that, for legacy UE, the SPS release command can not be sent on subframe #6, which has already been reconfigured from special subframe to normal DL subframe.
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5 Annex: Analysis on two interval

In the analysis, we try to find out whether the two-interval mechanism in UL SPS operation can still be used in eIMTA. From the two-interval mechanism described in current specs, we can see that the position of SPS resource will be decided by the initial SPS grant. In order to identify all the possible cases, we draw some tables to show all the possible combination of initial SPS grant, UL/DL configuration in SIB1 and reference UL/DL configurations. In each table, we mark the resource position calculated by different initial SPS grant with different colour. For each table, if any initial SPS grant can fulfil that all the subframes calculated based on the initial SPS grant are still UL in one reference configuration, we consider this “initial SPS grant” is still available in that reference configuration, and  fill the subframe of initial SPS grant in the field “available position of initial SPS grant”.
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	available Position of initial SPS grant 
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