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1. Introduction
In the last meeting, i.e. RAN2#85, an open issue related to eIMTA has been raised in [1] [2] regarding how to support Semi-Persistent Scheduling (SPS) configuration if eIMTA functionally is enabled. This paper discusses and states our views on this issue. 
2. Discussion
SPS configuration was adopted as an important tool for reducing the control signaling overhead for some small payload size service. A typical example is most notably voice-over IP (VOIP), which is characterized by regularly occurring transmission of relatively small payloads. While Rel-12 eIMTA feature offers desirable flexibility in fast TDD UL/DL reconfiguration based on instantaneous traffic thereby maximizing the throughput performance, inability to support SPS for this function would imply a step down from the Rel-8 function and increased control overhead. Therefore, we propose: 

Proposal 1: 
SPS is supported in eIMTA. 
However, supporting SPS in eIMTA scenario is far from problem free and there are several open issues need to be addressed. To facilitate further discussions, three different subframe types are defined as follows depending on whether or not transmission direction of subframe could be changed dynamically: 

1. Fixed DL subframes: DL subframes in SIB1 UL/DL configuration. The characteristic of this type of subframes is that the transmission direction is fixed in DL (i.e. not allowed to be changed from DL to UL) to avoid the RRM measurement impacts on legacy UEs.

2. Fixed UL subframes: UL subframes in DL-reference UL/DL configuration. Similar to fixed DL subframes, these subframes are always used for UL transmission.
3. Flexible subframes: Subframes that are DL subframes in DL-reference configuration but UL subframes in SIB1 UL/DL configuration. The transmission direction of these subframes can be dynamically changed from UL to DL.

Assuming SIB1 TDD configuration is configuration 0 and DL-reference configuration is TDD configuration 2, as illustrated in FIG.1, fixed DL subframe set includes subframes {#0, #1, #5, #6} and fixed UL subframe set comprises subframe {#2, #7}, while the left subframes belong to flexible subframe set. 
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Figure 1: TDD Frame structure with eIMTA

2.1 SPS initial transmission occasions
A key question that needs to be discussed is whether or not SPS transmission on flexible subframes is allowed in eIMTA. 

In our view, supporting SPS on fixed DL or UL subframes is the natural starting point as it can avoid additional test/ standardization/implementation efforts of dealing with the dynamic transmission direction change of flexible subframe, such as when one flexible subframe is changed from UL to DL where UL SPS has been configured on it. Then, in case eIMTA UE is unaware of the change of transmission direction (i.e. UL to DL) due to having missed the reconfiguration signaling, a serious cross-link interference might happen due to SPS UE’s UL transmission. Moreover, allowing SPS on flexible Subframe might complicate eNB to guarantee the latency performance that is critically required by latency-sensitivity VOIP traffic. On the other hand, it should be noted that the number of UEs in an eIMTA enabled cell is typically small, as the performance gain of eIMTA is shown at low to medium cell load scenarios. It implies the need for SPS configuration in eIMTA scenario typically is less pronounced. It should worth noting that the restriction on SPS scheduling (i.e. fixed DL and UL subframes only) can still provide the same DL SPS capacity as in TDD configuration #0 and the same UL SPS capacity as in TDD configuration #5 in legacy LTE system. Taking into account the two aforementioned considerations we can conclude that SPS capability in eIMTA scenario should not be a realistic issue even if we are limiting the SPS on fixed subframes.
Based on a trade-off between eNB configuration flexibility and standardization/testing efforts, we therefore propose:
Proposal 2： 
SPS transmission is allowed on subframe(s) in fixed transmission direction (i.e. fixed DL or UL subframes.)
2.2 SPS Activation/Release PDCCH/EPDCCH transmission

The SPS is configured by RRC signaling, i.e., the feature is turned on/off by RRC signaling mapped on the PDSCH as normal DL data packet. There should be no restriction on what type of DL subframe (i.e. fixed or flexible) may be used for its transmission. However, there is a predefined scheduling timing relationship between SPS Activation PDCCH/EPDCCH and SPS data transmission since Rel-8. Considering some restrictions on SPS data transmission has been proposed in section 2.1, whether or not the same restriction is applied to SPS Activation PDCCH/EPDCCH needs to be considered and then make decision in RAN2.
There are two different DCI formats defined for DL and UL SPS activation respectively in current LTE system. 
1. For DL SPS activation: DL SPS activation DCI format and the first SPS PDSCH transmission it activated is in the same subframe. As proposed earlier, limiting SPS DL in fixed DL subframe is needed in eIMTA and DL SPS has to follow this rule as well.

2. For UL SPS activation: It was agreed that dynamic UL scheduling timing follows SIB1 TDD configuration, implying PDCCH/EPDCCH with UL grant is only transmitted on fixed DL subframe. The exact SPS triggering timing as well as the resources and transport format parameters are sent on L1/L2 control channel (PDCCH/EPDCCH) as normal UL grant via activation PDCCH/EPDCCH and therefore is naturally transmitted on fixed DL subframe. 
The SPS release PDCCH/EPDCCH needs to be received with higher reliability. A consequence of missing DL SPS release would be inefficient DRX operation at UE side, as discussed in Rel-8. However, the missing UL SPS release either causes serious UL interferences/collision between UEs or leads to cross-link interference if UL SPS retransmission is allowed on flexible subframe (e.g. it has been changed from UL to DL but unknown by UL SPS UEs due to UE’s DRX configuration). Considering the fact that neighbor cells may use different UL/DL configurations with serving cell, it implies PDCCH/EPCCH on flexible DL subframe may suffer severe and fast varied interference from UL transmission of neighbor cell UEs and cannot meet the SPS release requirement. Again, given the number of UEs in eIMTA enabled scenario is typically small, we hence propose the following in order to ensure a sufficiently reliable reception for SPS release: 
Proposal 3: 
SPS activation/release PDCCH/EPDCCH is allowed on the fixed DL subframes. 
2.3 SPS retransmission handling
For the DL SPS, only initial transmissions use semi-persistent scheduling. Retransmissions are explicitly scheduled using a PDCCH assignment. This follows directly from the use of an asynchronous hybrid-ARQ protocol in the downlink, the same as normal dynamic DL PDSCH retransmission. Therefore, it is natural to allow DL SPS retransmission on both fixed and flexible subframes to allow full flexibility at eNB side. 

Proposal 4:
The retransmission of DL SPS is allowed on both fixed and flexible DL subframes. 
For the UL SPS, two interval transmission pattern was introduced to address the collision between SPS initial transmission occasions and the retransmission for previous SPS packet. One example is illustrated in FIG.2 assuming TDD UL/DL configuration 1 is used and persistent periodicity is configured with 20ms. It can be seen that collision happens between the second retransmission of previous SPS packet (i.e. Packet 1 in FIG .2) and the second initial transmission (Packet 2 in FIG.2). This SPS collision issue is common to TDD configuration 1, 2, 3 and 4 due to 10ms RTT value. To address this problem, two interval transmission pattern was adopted in Rel-8, as illustrated in FIG.3 below. One RRC configured parameter (i.e. Delta value in FIG.3 and Subframe_Offset in below equation) is used to shift the initial UL SPS transmission to subsequent subframes based on the following equation in [3]: 
	-
(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.
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Figure 2: The SPS collision in TDD system without eIMTA
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Figure 3: Two interval SPS transmission pattern for TDD configuration 1, 2, 3 and 4
Table 7.4-1: Subframe_Offset values [3]
	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


In current LTE system, Subframe_Offset is defined per TDD UL/DL configuration as captured in Table 7.4-1 [3]. The question that needs to be discussed is whether or not the two interval SPS transmission pattern can be reused in case when eIMTA functionality is enabled. 

As already pointed out by companies [1] [2] in the past meeting, using Subframe_Offset value that is associated with SIB1 UL/DL configuration might create possible cross-link interference, which happens in case retransmission SPS subframe actually has been changed from UL to DL by eNB but unknown at UE side. It can be argued that UE shall suspend the SPS UL transmission assuming it knows UL changing to DL by successfully decoding the reconfiguration DCI. However, it should be noted that UE may possibly miss the reconfiguration DCI due to several reasons, such as worse DL SNR geometry and DRX operation, but whether is actually missed or not is unknown by eNB due to lack of acknowledgement scheme. In our view, relying on the decoding of reconfiguration DCI to avoid false SPS UL transmission seems a tempting solution but less attractive due to the serious consequence of cross-link interference once loss of reconfiguration DCI happens.
Two possible solutions have been brought up as follows [1] [2]: 
1. Disable two-interval SPS for eIMTA enabled UE and solve the collision issue depicted in FIG.2 by dynamic scheduling method, as detailed in [1]. 
2. Two-interval SPS pattern is still supported in eIMTA. The Subframe_Offset value used to calculate the retransmission subframe number is determined according to a reference configuration to address the collision issue. 

The major difference between Option 1 and Option 2 is how to handle the UL SPS collision between initial transmission and retransmission if it happens, when SIB1 TDD configuration is one of configuration 1, 2, 3 and 4. Option 1 uses dynamic UL scheduling via PDCCH/EPDCCH to grant new resources used for collided SPS initial transmission. Clearly, Option 1 introduces additional DL control overhead compared to Option 2 and somewhat alleviates the SPS motivation. By leveraging the eIMTA property that UL subframes indicated in DL-reference configuration is always in UL, Option 2 essentially limits the SPS initial transmission shifting within the range of fixed UL subframes, hence avoiding the potential cross-link interference issue as mentioned earlier. In addition, Option 2 reduces specification/test efforts because the existing two interval SPS pattern can be fully reused in eIMTA with the only change of subframe offset value determined according to DL-reference configuration. Although Option 2 maybe questioned from SPS capability perspective considering the fact that DL-reference configuration (i.e. configuration 2, 4 and 5) contains smaller number of UL subframes in general. However, as mentioned earlier, UL SPS capability should not be a real issue due to typically less number of UEs in eIMTA. 
Based on discussions above, we propose:

Proposal 5:
Two-interval SPS pattern is supported in eIMTA.
Proposal 6:
Subframe_Offset value used to calculate the retransmission subframe number is determined according to DL-reference configuration. 
3. Conclusion
In this paper we investigated the combination of eIMTA together with SPS configuration. Based on our analysis we propose the following: 
Proposal 1: 
SPS is supported in eIMTA. 

Proposal 2: 
SPS transmission is only allowed on subframe(s) in fixed transmission direction (i.e. fixed DL or UL subframes.)

Proposal 3: 
SPS activation/deactivation PDCCH/EPDCCH is only allowed on the fixed DL subframes. 

Proposal 4:
The retransmission of DL SPS is allowed on both fixed and flexible DL subframes. 

Proposal 5:
Two-interval SPS pattern is supported in eIMTA.

Proposal 6:
Subframe_Offset value is used to calculate the retransmission subframe for UL SPS according to DL-reference configuration. 
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