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1. Introduction
In RAN4 #71, there was further discussion on performance requirement for LC-MTC UE and WF in [1] was agreed as baseline for further investigation. Figure 1 shows a HD-FDD scheduling example with 8ms periodicity. 
· Schedule the same subframes for downlink transmission during the test for MTC HD-FDD and FDD demodulation performance requirements
· The purpose is to apply the same demodulation performance requirements for both FDD and Half duplex FDD MTC UE and reduce the test case number;
· Investigate scheduling pattern with 8ms periodicity to protect the uplink HARQ time line
· For the half duplex FDD MTC UE, there may be an issue associated with the need for the UE to receive MIB or SIB-1 during a potential uplink allocation
· More study would be needed for the test setup in RAN4 in the future meetings.
· For the half duplex FDD MTC UE, the other issue is the CSI feedback periodicity
· With 8ms periodicity of scheduling pattern, 2ms, 5ms, 10ms, 20ms periodicity for periodic CSI reporting can not be used
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Figure 1. HD-FDD scheduling example with 8ms periodicity
In this contribution, we provide potential solution for identified issue with HD-FDD scheduling with 8ms periodicity. 
2. Discussion
2.1. HD-FDD UE behavior

First, we need to clarify HD-FDD UE behaviour in terms of DL and UL operation. HD-FDD UE is supposed to be in DL mode unless there is need for UL transmission. Here, UL transmission includes
· PUSCH transmission according to dynamic or semi-persistent scheduling

· PUCCH transmission for PDSCH HARQ ACK/NACK transmission

· PUCCH transmission for CSI feedback
· SRS transmission
· SR transmission

· PRACH transmission

Except for SR and contention-based PRACH transmission, eNB should track when HD-FDD UE needs to be in UL transmission mode based on PDSCH/PUSCH scheduling and RRC configuration and reflect it in scheduling decision. Scheduling should also take into account that HD-FDD UE requires 1ms gap for DL to UL or UL to DL transition. 
2.2. System information update for HD-FDD UE

UE in RRC connected mode needs to monitor system information update from serving cell including both MIB and SIB. In TS 36.331, two system information update notification mechanisms are defined as following. 
· systemInfoValueTag in SIB1 is incremented when system information is updated in next modification period

· systemInfoModification is included in paging when system information is updated in next modification period

Thus, UE can either monitor SIB1 or paging to get notification for system information update. 
SIB1 is scheduled once in 80ms. SIB1 PDSCH is transmitted 4 times within 80ms, i.e., in SF 5 of radio frame with SFN mod 8 = {0, 2, 4, 6}. SIB1 PDSCH within one SIB1 scheduling period is transmitted with different HARQ redundancy version to provide retransmission gain. According to figure 1, UE is in DL mode in SF 5 of radio frame 2 but not in DL mode in SF 5 of radio frame 0. Since same pattern would repeat in next 40ms, UE will be able to decode SIB1 in 2 SIB1 SF out of 4. It will cause potential SIB1 coverage reduction for HD-FDD UE. 
Observation 1. With HD-FDD scheduling with 8ms periodicity, UE can decode SIB1 in 2 SIB1 SF out of 4 in each SIB1 scheduling period. 
Paging is alternative broadcast message UE can rely on to get for system information update notification. UE in connected mode can monitor paging message via P-RNTI. Scheduling of paging message is informed by following parameters. 
· PagingCycle in radio frame (T) = min{defaultPagingCycle, UE specific paging cycle} = {32, 64, 128, 256}
· Nb = T × {4, 2, 1, 1/2, 1/4, 1/8, 1/16, 1/32}

Based on these two parameters, UE can determine 
· Number of paging frame within paging cycle (N) = min {T, Nb}

· Paging frame = {0, T/N, 2T/N, …, (N-1)T/N}

· Number of paging occasion within paging frame (Ns) = min{1, Nb/T}

Paging occasion, i.e., subframe with paging message, is {9} when Ns=1, {4, 9} when Ns=2 and {0, 4, 5, 9} when Ns=4. When Nb=T/32, paging is transmitted once in 320ms in SF 9 of radio frame with SFN mod 32 = 0. It can be scheduled more often depending on Nb parameter. SIB modification period is defined as {2, 4, 8, 16} × defaultPagingCycle. In worst case, UE can have 2 paging occasions within SIB modification period when paging cycle is 320ms and SIB modification period is 640ms. Usually, UE can have multiple paging occasions within SIB modification period that can be utilized to monitor systemInfoModification. F scheduling example in Figure 1, SF 9 of SFN mod 32 = 0 is guaranteed to be DL SF and thus UE can always monitor paging message. 
Observation 2. With HD-FDD scheduling with 8ms periodicity, UE can at least monitor 2 paging messages within SIB modification period. 

Once UE gets system information update notification, UE can update SIB in next SIB modification period. eNB might stop PDSCH/PUSCH scheduling to avoid interruption due to SIB update. 
2.3. Periodic CSI reporting
Another concern with HD-FDD scheduling is that scheduling of periodic CSI reporting is limited. It is obvious that we cannot use 2ms and 5ms periodicity considering 1ms gap for DL to UL and UL to DL gap. Even for 10ms and 20ms periodicity, periodic CSI reporting will put significant constraint on HD-FDD UE DL and UL scheduling. Thus, only periodic CSI reporting with 40ms periodicity will be available for HD-FDD UE. 
However, eNB can still rely on aperiodic CSI reporting for CSI feedback. Aperiodic CSI reporting can be scheduled with 8ms or 16ms periodicity to align with HD-FDD scheduling pattern. Considering that LC-MTC UE will have short burst of data transaction, aperiodic CSI feedback would fit better for HD-FDD MCT UE operation than periodic CSI feedback. If eNB scheduler prefers periodic CSI reporting for other reason, we can still rely on periodic CSI reporting with 40ms periodicity, which would be acceptable considering low mobility nature of LC-MTC device. 
Observation 3. With HD-FDD scheduling, periodic CSI reporting is configurable only with 40ms periodicity. eNB can still rely on aperiodic CSI reporting. 
2.4. HD-FDD scheduling

Based on observations above, we would like to propose following for HD-FDD scheduling. 

Proposal 1. Use scheduling pattern in Figure 1 for all demodulation and CSI tests for HD-FDD UE. Paging configuration should be specified such that paging occasion always falls on DL subframe. 
Proposal 2. Use aperiodic CSI feedback mode in all CSI tests for HD-FDD UE. 
3. Conclusion 

In this contribution, we provided further investigation in pending issues for HD-FDD operation of LC-MTC UE. Our observations are
Observation 1. With HD-FDD scheduling with 8ms periodicity, UE can decode SIB1 in 2 SIB1 SF out of 4 in each SIB1 scheduling period. 

Observation 2. With HD-FDD scheduling with 8ms periodicity, UE can at least monitor 2 paging messages within SIB modification period. 

Observation 3. With HD-FDD scheduling, periodic CSI reporting is configurable only with 40ms periodicity. eNB can still rely on aperiodic CSI reporting. 

Our proposals for HD-FDD scheduling are
Proposal 1. Use scheduling pattern in Figure 1 for all demodulation and CSI tests for HD-FDD UE. Paging configuration should be specified such that paging occasion always falls on DL subframe. 

Proposal 2. Use aperiodic CSI feedback mode in all CSI tests for HD-FDD UE. 
References

[1] R1-143861, “Wayforward on downlink scheduling for MTC HD-FDD demod test ”, Huawei, HiSilicon, Qualcomm, Intel, Ericsson, NSN, RAN WG4 #71, May, 2014
8
3

_1467635555.vsd
8


9


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


0


8


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


9


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


7


8


9


8


9


Subframe for DL data transmission


Subframe for UL data transmission


Subframe for Rx to Tx or Tx to Rx Switching



