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Discussion and Decision
1      Introduction
During RAN2#73 meeting, following agreements were made on the HARQ process reservation solution:
	For BT:

1)  For HARQ based solution, the UE can report some assistance information ( e.g. time offset between BT and LTE), and then eNB decides final pattern

2)  eNB could e.g. signal bitmap to UE (subframe reservation) complying with Rel89 UL HARQ timing, and complying with DL HARQ timing as much as possible: UE can assume that the eNB will restrict itself to DL allocation/UL grants inside this bitmap. FFS whether bitmap or whether patterns are specified in spec (signal pattern index).


This contribution further analyzes the solution, with focus on bitmap/patterns.
2      Discussion
There are several open issues related to the bitmaps/patterns of HARQ process reservation solution. In the following discussion, “bitmaps/patterns” are abbreviated as patterns.
2.1     Whether to define patterns in specifications
One fundamental issue is whether patterns will be defined in specifications. If patterns are not specified, pattern period should be selected. For example, for LTE FDD, one can specify a pattern period of 8 ms, which is equal to HARQ Round Trip Delay. For the chosen pattern period, eNB signals a bitmap to UE. This can provide full flexibility, however many patterns are not valid since they may not comply with UL HARQ timing. Therefore it is proposed that 
Proposal 1: patterns are defined in specifications for HARQ process reservation based solution.
Since HARQ timings are different for FDD and different TDD UL/DL configurations, it is expected that different sets of patterns are defined for FDD and each TDD UL/DL configuration.  

Proposal 2: different sets of patterns are defined for FDD and each TDD UL/DL configuration.
For Bluetooth coexistence, regarding the assistant information reported from UE, one option is to let UE report a set of patterns which are beneficial according to the status of collocated radio. For example, when BT eSCO link uses 2-EV3, UE may report patterns which provide more HARQ processes for LTE compared with the case that BT uses EV3. Since UE has the best knowledge of the in-device situation, reporting patterns directly can provides best performance, and are future-proof as well. The final decision is still made by eNB, which generally selects one pattern according to factors like load balancing.
Proposal 3: for Bluetooth coexistence, UE reports a set of patterns to eNB, and eNB decides the final pattern. FFS whether UE need to report addition information.
2.2     Design criteria for patterns
What are the criteria to define the patterns? Current agreements are that patterns should comply with Rel-8/9 UL HARQ timing, and comply with DL HARQ timing as much as possible. There are other issues to consider:
(a) Pattern period

Selection of pattern period is similar to work in ABS, and important factors include HARQ timing period and whether SPS is enabled. If SPS is not enabled, it is natural to set pattern period equal to HARQ timing period. Therefore pattern period can be set as below:
Table 1: Example pattern periods when SPS is not configured
	Configuration
	Pattern period (ms)

	LTE FDD
	8 ms

	LTE TDD UL/DL Configuration
	

	0
	70 ms

	1
	10 ms

	2
	10 ms

	3
	10 ms

	4
	10 ms

	5
	10 ms

	6
	60 ms


When SPS is configured, the pattern period should take into account typical VoIP packet arrival rate (20 ms). In this case, for LTE TDD UL/DL Configuration 0 and 6, the period is set to 20 ms, which allows maximum 2 transmissions. Pattern periods thus can be set as below:
Table 2: Example pattern periods when SPS is configured
	Configuration
	Pattern period (ms)

	LTE FDD
	8 ms

	LTE TDD UL/DL Configuration
	

	0
	20 ms

	1
	10 ms

	2
	10 ms

	3
	10 ms

	4
	10 ms

	5
	10 ms

	6
	20 ms


Proposal 4: it is proposed to study pattern periods for HARQ process reservation solution.
(b) Whether some LTE subframes should be always available for LTE usage. 
As discussed in [2], when designing HARQ reservation patterns, some subframes need careful treatment. First of all, we only need to consider some special TDD DL subframes. The reasons are as follows: 
· From current study, FDD DL subframes are not interfered by ISM transmissions. Therefore UE can always receive DL signals if needed.

· For UL, the configuration of CQI/Scheduling Request/SRS should be consistent with HARQ pattern. Since ACK/NACK transmission are already considered as part of UL HARQ timing, the remaining UL transmission is RACH. As the usage of RACH is rare, ISM can be denied when RACH is performed. In summary, there are no special UL subframes to consider.
Proposal 5: there are no special UL subframes to consider when designing HARQ reservation patterns.
For LTE TDD DL, 
· Subframe #0 contains SSS and PBCH.
· Subframe #5 contains SSS and SIB1.

· Subframe #1/6 contains PSS.

In addition, paging occasions can be configured on subframe 0/1/5/6. As discussed in [2], paging reception and modified broadcast information acquisition can be done by UE correctly by using ISM denial, and the impact on ISM is negligible since such events are rare. Therefore   
Proposal 6: when design HARQ reservation patterns, there is no need to reserve subframes for paging, PBCH and SIB1.
As discussed in [2], the reception of PSS/SSS needs further study since it might be related to UE implementation. Generally, when UE is in RRC_CONNECTED, DL synchronization can be done based on CRS. Some check with RAN4 might be needed on whether PSS/SSS signals are needed for DL synchronization after initial cell search.
3      Conclusion
In this contribution, we analyzed HARQ process reservation based solution with focus on pattern design, and proposed the following:
Proposal 1: patterns are defined in specifications for HARQ process reservation based solution.
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Proposal 2: different sets of patterns are defined for FDD and each TDD UL/DL configuration.

Proposal 3: for Bluetooth coexistence, UE reports a set of patterns to eNB, and eNB decides the final pattern. FFS whether UE need to report addition information.
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Proposal 4: it is proposed to study pattern periods for HARQ process reservation solution.


Proposal 5: there are no special UL subframes to consider when designing HARQ reservation patterns.
Proposal 6: when design HARQ reservation patterns, there is no need to reserve subframes for paging, PBCH and SIB1.
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