3GPP TSG-RAN WG2 Meeting #73bis
R2- 111912
11 - 15 April 2011, Shanghai, China
Agenda item:

6.8.2
Source:
ZTE
Title:
Further discussion on the HARQ process reservation based solution
Document for:

Discussion and Decision
1 Introduction 
For the steady phase situations of the usage scenario LTE + BT earphone (VoIP service), we have the agreement that with some assistance information (e.g. time offset between BT and LTE) reported by the UE, it is up to the eNB to decide and signal the final pattern, e.g. a bitmap (i.e. subframe reservation pattern) to the UE. And the reserved subframes should comply with LTE release 8/9 UL HARQ timing, and comply with LTE release 8/9 DL HARQ timing as much as possible [1].
But to make the HARQ process reservation based solution work, we still have some left issues:
Issue1: what is the assistance information from UE? Is time offset between BT and LTE enough or not?
Issue2: whether the bitmap or patterns are specified?
This contribution try to discuss the above two issues.
2 Discussion
2.1 Issue1
2.1.1 Is time offset between BT and LTE enough or not?
At last meeting, it has been agreed that some assistance information (e.g. time offset between BT and LTE) should be reported by UE and the eNB decides the final bitmap based on the reported assistance information. Whether the eNB could make the proper bitmap decision to solve the interference depends on if the eNB could get enough interference information from this assistance information.
For the speech traffic, Bluetooth utilizes SCO or eSCO links. And for each logical link, there could be various packets types, e.g. HV1/HV2/HV3 could be used for SCO link and EV3/EV4/EV5 could be used for eSCO link [2]. With different logical links and/or different packet types, the interference situation between LTE and BT is different. Even using the same logical links, with different packet types, the interference situation between LTE and BT is different too. For example, the interference situations are quite different for BT using 2-EV3 [3-Annex A] and BT using EV3 [4-Annex A]. And further, even using the same logical links and same packet types, with different time offset between LTE and BT, the interference situations are diverse. Based on our simulation assumptions in [5], Annex A shows the different interference situations between LTE TDD config3 and BT eSCO EV3 for some various time offsets.
Based on the analysis above, we can find that just with the time offset between BT and LTE, the eNB can not get any interference information to make the final bitmap decision.
Observation1: It is not possible for the eNB to make the final bitmap decision only with the time offset between BT and LTE.
2.1.2 Possible assistance information from UE
To provide as much as interference information to the eNB, the possible assistance information from UE could be:
Alt1. Time offset + BT configuration: BT configuration includes link type, packet type etc
.
Alt2. Indicated interference bitmap: a bitmap indicates the interfered DL subframes and/or interfering UL subframes.
Alt3. Suggested HARQ reservation bitmap: a bitmap suggests the subframe reservation for LTE and BT.
In the following, the feasibility and potential issues of the above three alternatives are analysed one by one.
Alt1. Time offset + BT configuration
With the time offset and BT configuration (e.g. link type, packet type), the eNB could do some timeline analysis of the interference between LTE and BT and finally deduce the interference situation. For example, for BT using eSCO EV3, with the analysis/simulation assumptions in [5], the eNB could get the interference situations for the corresponding reported time offset (e.g. the eNB could deduce the interference situations between LTE and BT as shown in Annex A). Based on the deduced interference situation, the eNB could make a decent decision on the bitmap.
With this alternative, some complicated algorithm to figure out the interference situation between LTE and BT should be introduced. In addition, to figure out the interference situation, the eNB should clearly know the timeline character of the BT, which is definitely out of 3GPP scope.
Alt2. Indicated interference bitmap
The eNB could get the interfered DL subframes and/or interfering UL subframes from the indicated interference bitmap from UE and design the final HARQ process reservation bitmap.
With this alternative, some complicated algorithm similar to Alt1 to figure out the interference situation between LTE and BT should be introduced in UE. And due to the different analysis assumptions/algorithm implementation of different UE vendors, the indicated interference bitmap results may be different even for the same BT link type and packet type, which will impact the final bitmap decision in eNB. With too pessimistic algorithm, the final designed bitmap based on the overly pessimistic indicated interference bitmap will have a great impact on the LTE throughput. While with too optimistic algorithm, the final designed bitmap based on the overly optimistic indicated interference bitmap may not solve the coexistence interference.
Alt3. Suggested HARQ reservation bitmap
The eNB make the final decision based on the suggested bitmap from UE, e.g. the eNB could add/reduce some HARQ process reserved for LTE according to the actual traffic amount.
This alternative makes the eNB’s decision less complexity. But for UE, first of all, similar to Alt2, some complicated algorithm to figure out the interference situation between LTE and BT should be introduced. Besides, for LTE TDD, because of its asymmetric UL-DL allocations character, we have the HARQ timing that in some cases, one specific DL subframe could schedule more than one UL subframes or one specific UL subframe could be used to ACK/NACK more than one DL subframes. So even with the same interference situation, different UEs may suggest different HARQ reservation bitmap. The eNB has no way to know the indeed interference situation at all.
Take the interference situation in Figure 3 for example, in the analysed 3 LTE radio frames, the interfered LTE DL subframes and interfering LTE UL subframes are shown in Figure 1. According to the HARQ timing, subframe#3 in the second radio frame could not do PUSCH transmission due to the fact that the scheduling DL subframe#9 in the previous radio frame and the ACK/NACK DL subframe#9 in the succeeding radio frame will be interfered. But this subframe#3 could be used to ACK/NACK the PDSCH transmission of the first radio frame anyway (shown in Figure 1). Whether this subframe#3 should be reserved for LTE or not depends on UE implementation. If the UE suggests in the bitmap that this subframe#3 is reserved for BT, then the eNB could no schedule DL transmission in the previous subframe#7 and subframe#8.
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Figure 1
Table 1 below summarizes the mentioned issues analysed above. Comparing the major issues indicated below, we believe that Alt2 is the most promising assistance information to be considered.
Table 1
	Alternatives
	Issues

	Alt1
	1. Complicated algorithm is introduced in eNB.

2. The eNB should clearly know the timeline character of the BT, which is out of 3GPP scope.

	Alt2
	1. Complicated algorithm is introduced in UE.

2. Different indicated interference bitmap results with different implementation of UE vendors.

	Alt3
	1. Complicated algorithm is introduced in UE.

2. Different interference situation results with different implementation of UE vendors.

3. Different suggested HARQ reservation bitmap with different implementation of UE vendors.

4. The eNB has no way to know the actual interference situation, and thus reduce the flexibility of the bitmap decision.


Proposal1: The indicated interference bitmap in Alt2 is the most promising assistance information to be considered.
2.1.3 Possible optimizations for Alt2
From the analysis above, we can see that the indicated interference bitmap is derived from UE implementation. Different UE vendor may figure out different interference bitmap even for the same BT configuration. To eliminate the difference brought from different UE implementation as much as possible, some general principles for figuring out the indicated interference bitmap should be given. Such as:
1. Length of the indicated bitmap: For example, for BT using eSCO EV3 with TeSCO configured to be 6 slots, the interference situation between LTE and BT will repeat every 30ms [5]. Thus, the length of the bitmap could be 30.
2. LTE assumptions: For example, when figuring the indicated interference bitmap, UE could not know whether a subframe will be in use or not before receiving the DL scheduling. Thus, the simplest assumption is assuming LTE with full buffer.
3. Interference assumptions: What is the judgement of one LTE subframe interfers with BT? The simplest assumption is assuming in case one UL/DL subframe overlaps with one BT Rx/Tx slot that will be in use, the interference occurs.
Proposal2: Some general principles for figuring out the indicated interference bitmap should be given to eliminate the implementation difference as much as possible.
According to the simulation assumptions in [5], and adopting the corresponding principles and methodology, we find that, for each TDD configuration, we can find the best time offset of which the corresponding coexistence interference probability between LTE and BT is minimum (The best time offset and the corresponding interference situation for each TDD config is shown in Annex B). As in most cases, the in device BT device is a master or is able to role switch to a master, so anyway BT could adjust its local clock to make the time offset between BT and LTE equal to the best time offset to reduce the interference between LTE and BT to the minimum. In this way, the reserved subframes for BT could be reduced to the minimum.
Based on the analysis above, with some general principles and methodology, the implementation difference of Alt2 to figure out he indicated interference bitmap could be eliminated as much as possible. And based on the mentioned general principles and methodology, we can deduce the interference bitmap corresponding to the best time offset for each TDD config and the defined BT configuration. In Annex B Table 2, the interference bitmaps corresponding to the best offset for each TDD config with BT eSCO EV3 are shown. If the interference bitmap as in Table 2 could be standardized in the specification, then no complicated algorithm as we adopted for simulation needs to be introduced in UE, and the impact of difference implementation from different UE vendor could be eliminated.
Proposal3: The interference bitmap for each TDD config and the defined BT configuration could be standardized in the specification.
2.2 Issue2
The eNB decides the final bitmap based on the interference situation as well as considering the actual LTE traffic volume. The deduction of the interference situation depends on the reported assistance information. For all the alternatives analysed in 2.1.2, there will be various deduced interference situations that it is impossible to specify all of the bitmaps decided by eNB. Even if the optimization for Alt2 (proposal3) is adopted, take the issue mentioned in Figure 1 and the actual LTE traffic volume into consideration, we believe that it’s better not to specify the final bitmap to have more flexibility.
Proposal4: There is no need to specify the final bitmap or patterns decided by eNB.
3 Conclusion 
In this contribution, two left issues of the HARQ process reservation based solution have been discussed. 
For issue1: what is the assistance information from UE? We have the following observation and proposals:
Observation1: It is not possible for the eNB to make the final bitmap decision only with the time offset between BT and LTE.
Proposal1: The indicated interference bitmap in Alt2 is the most promising assistance information to be considered.

Proposal2: Some general principles for figuring out the indicated interference bitmap should be given to eliminate the implementation difference as much as possible.

Proposal3: The interference bitmap for each TDD config and the defined BT configuration could be standardized in the specification.

For issue2: whether the bitmap or patterns are specified? We propose that:
Proposal4: There is no need to specify the final bitmap or patterns decided by eNB.
If Proposal1 (and Proposal2/Proposal3) and Proposal4 are acceptable, the corresponding text proposal is provided in Annex C.
4 Annex A 
Interference situations for different time offset, BT using eSCO link and packet type EV3, for TDD config3.
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Figure 2 Time offset = 0 
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Figure 3 Time offset = 0.625
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Figure 4 Time offset = 1.25 
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Figure 5 Time offset = 1.625 (TDD config0)
5 Annex B
The best time offset and the corresponding interference situation for each LTE TDD config, BT eSCO EV3. The simulation assumption is the same as in [5] except the simulated time offset scale reduced to be [0, 1.875).
Table 2
	LTE TDD config
	best time offset
	interference bitmap

	0
	0.625
	0001100000 0000000011 0000000000

	1
	0.875
	0000000110 0011000000 0000000000

	2
	1.125
	0000000011 0000000000 0001100000

	3
	0.625
	0001100001 0000011001 0000001100

	4
	0.875
	0000110010 0000011000 0011000100

	5
	1.125
	0000110011 0000001000 0001100100

	6
	0.875
	0011000110 0011000000 0011100000
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Figure 6 Best time offset = 0.625 (TDD config 0)
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Figure 7 Best time offset = 0.875 (TDD config 1)
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Figure 8 Best time offset = 1.125 (TDD config 2)
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Figure 9 Best time offset = 0.625 (TDD config 3)
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Figure 10 Best time offset = 0.875 (TDD config 4)
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Figure 11 Best time offset = 1.125 (TDD config 5)
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Figure 12 Best time offset = 0.875 (TDD config 6)

6 Annex C—Text Proposal
Text Proposal based on [1].
5.2.1.2.2
HARQ process reservation based solution
In this solution, e.g. a number of LTE HARQ processes or subframes are reserved for LTE operation, and the remaining subframes are used to accommodate ISM/GNSS traffic.
For example, for LTE TDD UL/DL Configuration 1, the solution is shown in Figure 5.2.1.2.2-1. For each radio frame, subframe #1, #2 #6 and #7 are reserved for LTE usage. Other subframes may be used for ISM/GNSS traffic, i.e. UE may not be required to receive PDCCH/PDSCH and/or transmit PUSCH/PUCCH in those subframes, depending on coexistence scenarios. 
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Figure 5.2.1.2.2-1: Example of HARQ process reservation solution

The UE provides the eNB with an indicated interference bitmap which indicates the interfered DL subframes and/or interfering UL subframes.
It is up to the eNB to decide and signal the final pattern, e.g. a bitmap (i.e. subframe reservation pattern) to the UE based on the indicated interference bitmap reported by the UE. The reserved subframes should comply with LTE release 8/9 UL HARQ timing [15], and comply with LTE release 8/9 DL HARQ timing [15] as much as possible. It means that UE can assume that the eNB will restrict itself to DL allocation/UL grants inside this bitmap.
-------------------------------------if Proposal2 is agreed besides Proposal1 modify begin-------------------------------------
To figure out the indicated interference bitmaps, the UE should meet the following guidelines:
· The length of the indicated interference bitmap should be a lowest common multiple of the length of LTE radio frame and the length of the ISM transmit unit (e.g. the length of the BT eSCO window)
· LTE is assumed with full buffer
· The interfered DL subframe is a subframe which overlaps with the ISM DL reception. The interfering UL subframe is a subframe which overlaps with the ISM UL transmission.
-------------------------------------if Proposal2 is agreed besides Proposal1 modify end-------------------------------------
-------------------------------------if Proposal3 is agreed besides Proposal1 modify begin-------------------------------------
The indicated interference bitmaps are specified in the specification for each ISM protocol. For example, for BT eSCO EV3, the indicated interference bitmaps are specified in Table 5.2.1.2.2-1.
Table 5.2.1.2.2-1: Indicated interference bitmaps for BT eSCO EV3
	LTE TDD config
	time offset
	indicated interference bitmap

	0
	0.625
	0001100000 0000000011 0000000000

	1
	0.875
	0000000110 0011000000 0000000000

	2
	1.125
	0000000011 0000000000 0001100000

	3
	0.625
	0001100001 0000011001 0000001100

	4
	0.875
	0000110010 0000011000 0011000100

	5
	1.125
	0000110011 0000001000 0001100100

	6
	0.875
	0011000110 0011000000 0011100000


The UE adjusts the time offset between LTE and BT to the value in Table 5.2.1.2.2-1 and provides the eNB with the corresponding indicated interference bitmap.
The specification of the indicated interference bitmaps for other ISM protocols is FFS.
-------------------------------------if Proposal3 is agreed besides Proposal1 modify end-------------------------------------

Editor’s note: The feasibility and usefulness of this solution need further study.
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� In this contribution we assume that the in-device BT is a master or is able to role switch to be a master, which is true for most cases. And we mainly focus on the interference between LTE TDD and BT.
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