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1 Introduction
At the last RAN2 meeting, HARQ process reservation based solution has been discussed and captured as a kind of TDM solution in the TR [1-2]. From the initial timeline analysis, it can be found that collision rate between LTE and BT can be decreased a lot by properly selecting the reserved subframes. However, this solution deserves more discussions on what principles should be followed when reserving HARQ process for LTE usage and whether some of the subframes cannot be reserved for ISM usage. This contribution tries to discuss these issues.
2 What principles should be followed when reserving HARQ process for LTE usage?
For FDD in band 7/13/14, the main coexistence issue is that LTE UL transmission causes interference to ISM/GNSS reception. Furthermore, for FDD both the UL HARQ and DL HARQ have the same timing. Therefore, the main principle of reserving subframe for LTE FDD usage is:

- to follow the FDD UL HARQ timing.
For LTE TDD in band 40, the interference between LTE and ISM is bidirectional. In addition, DL HARQ timing is different from UL HARQ timing. Hence, generally the reserved subframes for LTE usage should comply with both DL and UL HARQ timing as much as possible. Some similar principles as proposed in previous RAN1 discussion on TDD relay backhaul subframe allocation [3] could be reused here:
1) The reserved subframes for LTE usage should comply with UL HARQ timing specified in Rel-8
Since UL HARQ is synchronous, the timing between UL grant and UL PUCSH transmission, and timing between UL PUSCH transmission and its corresponding DL ACK/NAK are fixed in the specification. To avoid the change on UL HARQ time line and guarantee timely (re)transmission, the reservation of LTE subframes should firstly follow the UL HARQ timing.
2) The reserved subframes for LTE usage should comply with DL PDSCH transmission and its corresponding UL ACK/NAK timing as much as possible
Since DL HARQ is asynchronous, only the timing between DL PDSCH transmission and its corresponding UL ACK/NAK is specified. For some TDD UL/DL configurations, sometimes the timing between DL PDSCH transmission and related ACK/NAK may not match UL HARQ timing, which means reservation based on UL HARQ timing would result in ACK/NAK loss for some DL PDSCH transmission. Such kind of impact should be minimized by properly selecting subframes for LTE usage.
Taking TDD configuration 1 as an example, and its UL HARQ timing and DL HARQ timing are shown in Figure 1.  Reservation bitmap is “1011011001” with periodicity of 10ms, and the bit=0 indicates that corresponding subframe is reserved for LTE usage. The details are shown in Figure 2.
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Figure 1 UL HARQ timing and DL HARQ timing for TDD configuration 1
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 Figure 2 illustration of subframes reservation for TDD configuration 1 

According to principle 1 and 2, the reserved subframes for LTE usage in this example can comply with both UL HARQ timing and DL HARQ timing perfectly.

Another example is for TDD configuration 0 and the UL HARQ timing and DL HARQ timing are shown in Figure 3.  Reservation bitmap is “0011011011 0011111001 1011101100 1111101110 1101100111 1100110111 0110011111”, the length of bitmap is 70, and the bit=0 indicates that corresponding subframe is reserved for LTE usage. The details are shown in Figure 4.
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Figure 3 UL HARQ timing and DL HARQ timing for TDD configuration 0
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Figure 4 illustration of subframes reservation for TDD configuration 0
In this example, reserved subframes for LTE usage can comply with UL HARQ timing well, but can not comply with DL HARQ timing completely. For example, eNB can not receive ACK/NAK for the DL transmission on subframe#0 of radio frame#2, because the subframe#4 of radio frame#2 is reserved for ISM usage. In this case, the eNB can select to send the data on subframe#1 of radio frame#2, and the corresponding UL ACK/NAK can be received on subframe#7 of the same radio frame, which is reserved for LTE usage. But to what extent the impact on DL HARQ (i.e. block of ACK/NAK) could be acceptable needs evaluation of RAN1.
Since the detailed principles are more a RAN1 issue, it should be discussed and decided by RAN1. Furthermore, whether some allowed reservation patterns need to be specified also should be discussed with RAN1 involved.
Proposal 1:  It is proposed to send a LS to ask RAN1:

1) whether the above principles for FDD and TDD are valid 

2) whether it is necessary to specify the allowed reservation patterns
3  Whether some subframes cannot be reserved for ISM/GNSS usage?

Subframe reservation for ISM/GNSS usage should not impact on the UE’s connection to the LTE network. Hence, it is necessary to study whether all the subframes are possible to be reserved for ISM/GNSS. In LTE system, some important information is signalled on fixed occasions. For a specific UE, if these important subframes are reserved for ISM/GNSS operation, its impact needs to be evaluated. These important subframes and the information carried on include [4-5]:
TDD:

· Subframe 0 possibly contains SSS, MIB and paging

· Subframe 5 possibly contains SSS, SIB1 and paging

· Subframe 1/6 possibly contains PSS and paging
FDD:

· Subframe 0 possibly contains PSS/SSS, MIB and paging
· Subframe 5 possibly contains PSS/SSS, SIB1 and paging

· Subframe 4/9 possibly contain paging
UE in RRC_Connected needs to monitor paging message to check whether there is notification of system information modification and if so, at least MIB/SIB1/SIB2 need to be received.

For TDD, paging occasion can be configured on subframe 0/1/5/6, and reception of paging and system information would be impacted if all these subframes are reserved for ISM usage. However, similar with local LTE denial at UE for ISM infrequent short-term event, local denial of ISM transmission at UE can also be used to ensure reception of LTE paging and system information. Furthermore, considering that system information is changed infrequently, local ISM denial at UE will not cause much performance loss on ISM. 
For FDD, since the main interference is from LTE Tx to ISM/GNSS Rx, there seems no big problem to receive system information and paging on subframe 0/4/5/9. 
Proposal 2: For TDD, local ISM denial at UE can be applied for UE in RRC_Connected to receive paging and modified system information correctly. 
For connected mode UE, it needs to maintain synchronization with eNB. For TDD, synchronization may be impacted if subframes 0/1/5/6 are all or partially reserved for ISM usage. Although for connected mode UE, CRS also could be used for synchronization purpose, but this is up to UE implementation. Therefore, how much the impact on synchronization performance is needs to be evaluated by RAN4.
For FDD, similar as the analysis on reception of system information and paging, there seems no big problem to receive synchronization on subframe 0/5.

Proposal 3: It is proposed to send a LS to ask RAN4 whether LTE TDD synchronization performance is acceptable, if the subframes containing PSS/SSS are all or partially reserved for ISM usage.
4 Conclusion

This contribution discusses the HARQ process reservation based solution, and the following proposals are given:
Proposal 1:  It is proposed to send a LS to ask RAN1:

1) whether the principles for FDD and TDD given in section 2 are valid 

2) whether it is necessary to specify the allowed reservation patterns
Proposal 2: For TDD, local ISM denial at UE can be applied for UE in RRC_Connected to receive paging and modified system information correctly. 
Proposal 3: It is proposed to send a LS to ask RAN4 whether LTE TDD synchronization performance is acceptable, if the subframes containing PSS/SSS are all or partially reserved for ISM usage.
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