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1      Introduction
During RAN2#74 meeting, when discussing proposal 3 of R2-113221 [1], there were some discussion on the structure of Annex B2 of TR 36.816, the comparison of HARQ bit map solution and interference bitmap solution, and the collision situations for BT EV3/2-EV3. In addition, when discussing R2-113218 [2], there were also discussions on the length of the bitmaps for different TDD Uplink-downlink configurations. This email discussion is to give more complete picture for HARQ bitmap solution and interference bitmap solution with following questions:
· Where are the collisions occuring between LTE and BT for different LTE TDD modes and BT EV3/2-EV3?

· How long would the bitmaps need to be for the different TDD modes for HARQ bitmap solution and Interference bitmap solution (not considering SPS)?
2      Background
2.1     LTE TDD UL HARQ timing
LTE UL HARQ timing is defined in TS 36.213 [3], and the UL HARQ timing period is shown in Table 1 below (note that the table is not explicitly defined in TS 36.213). Illustration of LTE TDD UL HARQ timing can be found in [4], and is shown below in Figure 1. 
Table 1: LTE UL HARQ timing period
	Configuration
	UL HARQ timing 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
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Figure 1: LTE TDD UL HARQ timing [4]
For LTE TDD Uplink-downlink configuration 1/2/3/4/5, UL HARQ timing period is 10 ms. In these configurations, when UL transmission takes place in frame n, subframe m, then the corresponding retransmissions of the same HARQ process take place in frame n+1, subframe m, i.e. retransmissions occurs at the same subframe. This implies that if 10 ms bitmap length is used for these configurations, when one UL subframe is reserved for LTE usage, UL transmission and retransmissions for one associated UL HARQ process are always guaranteed. 
The situation in TDD Uplink-downlink configuration 0/6 is different. UL HARQ timing period is 70 ms and 60 ms, respectively. For example, in configuration 0, there are 7 UL HARQ processes while there are only 6 UL subframes per frame. This means that retransmission does not occur at the same subframe as the initial transmission. If one uses 10 ms bitmap length, unless all UL subframes are reserved for LTE usage (which would not be a TDM solution since some UL subframes should be left for ISM usage in the case of TDM solution), some UL HARQ processes are interrupted since the corresponding UL subframes might not be always available. 
3      Discussion
3.1     Clarifications on HARQ bitmap solution and interference bitmap solution
For HARQ process reservation based solution, UE report assistant information to eNB, and eNB decides the final pattern e.g. bitmap. The assistant information could be either

· Time offset between BT and LTE + BT configuration, or

· In-device coexistence interference pattern(s), or

· HARQ process reservation based pattern(s)

It is proposed to confirm that HARQ bitmap solution and interference bitmap solution are all related to assistant information UE reports to eNB.

	Question 1: confirm that HARQ bitmap solution and interference bitmap solution are all related to assistant information UE reports to eNB.

	Company
	Comments

	Qualcomm
	Yes, UE report containing HARQ bitmap and interference bitmap are assistant information. 

	Ericsson
	It is good to limit this discussion to assistant information sent by the UE only. However, the eNB reply could be different in these solutions (simple ACK /HARQ bitmap etc...)  

	Pantech
	We are not sure to understand the question correctly. In our point of view on this question, these solutions are possible alternatives for assistant information of TDM ICO. And one from above three solutions (offset, interference, bitmap) would be selected.

	ZTE
	Yes, UE report containing HARQ bitmap or interference bitmap is assistant information.

	Intel
	Yes, HARQ bitmap or interference bitmap are assistant information. 

	Broadcom
	Yes, UE reports containing either HARQ bitmap or interference bitmap are assistant information.


In the following discussion, it is assumed that UE reports a bitmap to eNB and eNB decides a bitmap and signals to UE. Notes:

· This does not preclude the option of UE reporting Time offset between BT and LTE + BT configuration, which is not in the scope of current email discussion.

· This does not preclude the possibility that patterns/bitmaps can be standardized and signaling is based on index. Since if patterns/bitmaps are standardized, still the length of patterns/bitmaps should be defined.

Considering that bitmaps can be signaled between UE and eNB for both HARQ bitmap solution and interference bitmap solution, they can be categorized as follows:

· Bitmap1: bitmap sent from UE to eNB in HARQ bitmap solution.

· Bitmap2: bitmap sent from eNB to UE in HARQ bitmap solution

· Bitmap3: bitmap sent from UE to eNB in Interference bitmap solution.

· Bitmap4: bitmap sent from eNB to UE in Interference bitmap solution

From above discussion, it is assumed that Bitmap2 and Bitmap4 are the same since HARQ bitmap solution and interference bitmap solution are related to UE reporting only. In addition, it is also assumed that the length of Bitmap1 and Bitmap2 is the same. So we only need to consider two types of bitmaps:

· Bitmap A: bitmap sent from UE to eNB in HARQ bitmap solution, and bitmap sent from eNB to UE [QC: (for both HARQ and interference bitmap method)].

· Bitmap B: bitmap sent from UE to eNB in Interference bitmap solution. [, and bitmap sent from eNB to UE. Pantech: (corresponding as QC’s suggestion)][QC2: This change is not needed and explained more below in Qualcomm (2) comments]
	Question 2: whether the above categorization of bitmaps is appropriate?

	Company
	Comments

	Qualcomm
	The categorization of Bitmap A and Bitmap B is ok

	Ericsson
	Some issues are unclear in above categorization:
· Bitmap A case: Is the intention to say that the bitmap send by the eNB is same as the bitmap sent by UE (=bitmap A)? If so, then QC addition is a bit confusing. On the other hand, we would not like to limit the eNB response to the same bitmap as indicated by the UE.
· Bitmap B: Also in this case, the eNB may sends some confirmation. However, this bitmap is not necessarily bitmap B.
For simplicity, it would be good to exclude the information sent from the eNB to UE from this categorization. 

	Pantech
	We are fine with Bitmap A and Bitmap B. However, this categorization of bitmap excludes the possibility of time offset solution and we worry that this exclusion regardless of agreement would be acceptable to all companies. As for the bitmap sent by the eNB, agreeing on Ericsson’s view, this would be different from the bitmap sent by the UE.

	ZTE
	We agree with Ericsson it’s better to exclude the information sent from the eNB to UE from the category A and B. 

	Qualcomm (2)
	The intention in the QC comment above was that Bitmap 1, 2 and 4 are all HARQ compliant patterns (even though they may be different patterns) and so they can be grouped into Bitmap A as Intel had originally suggested. It is not required that bitmap sent by eNB be the same as the bitmap sent by UE for either HARQ or interference bitmap method. If we exclude the information sent from eNB to UE, then we believe there is no need for the above classification, since we will only be considering Bitmaps 1 and 3.
Regarding Pantech’s comments, it is already mentioned above that the option of UE reporting Time Offset is not precluded.

	Intel
	We share the same view as Qualcomm. Some further explanations:

· The intention of categorizing Bitmap A and B is that although there appears to be 4 types of bitmaps (as discussed above), there are basically two types as discussed above. 

· For Bitmap A, it does not mean that eNB should use the same bitmap as sent from UE. It simply means that the characteristics of these two bitmaps are same, e.g. the length of the bitmap for each configuration is same. 

· For Bitmap B, UE sends this interference bitmap to eNB as assistant information. eNB actually sends back Bitmap A, according to the operation of HARQ process reservation.

Note that the discussion is not to exclude other solutions, as noted above.

	Broadcom
	The above categorization and the associated text is confusing. We also agree with Ericsson that it is better to exclude the information sent from the eNB to UE from this categorization.


Companies are also invited to provide further details on HARQ bitmap solution and interference bitmap solution. Note that bitmap length issue will be addressed in section 3.3.
	Question 3: companies are invited to provide further details on HARQ bitmap solution and interference bitmap solution, including the comparison and relationship between the two solutions.

	Company
	Comments

	Qualcomm
	In the interference bitmap solution, the bitmap requested by UE (Bitmap 3) may or may not be compliant with HARQ timelines as required in the HARQ bitmap solution.
If Bitmap3 is not HARQ compliant, then the final bitmap assigned by eNB (Bitmap 4) can be much worse than the one requested by the UE (Bitmap 3). This is because there would be additional subframes unusable due to HARQ constraints. For instance, if a particular DL subframe is unused in Bitmap3, any UL grants cannot be sent in that subframe and corresponding UL subframe will become unusable for data in Bitmap4 even if it is not excluded in Bitmap3. Similarly, if an UL subframe is not used in Bitmap3, the corresponding DL subframes whose ACK goes in that UL subframe will become unusable for DL data in Bitmap4 even if it is not excluded in Bitmap3. 
If Bitmap3 is already HARQ compliant, then the final Bitmap4 assigned by eNB is automaticaly HARQ compliant if chosen to match Bitmap3. Therefore, in this situation, the interference bitmap and HARQ bitmap solution are equivalent. This is the recommended option.

	Ericsson
	The definition for HARQ bitmap and interference bitmap solution could be clarified more. Limiting the discussion to the assistant information transmitted by the UE, the definition could be:

· HARQ bitmap solution: The UE signals a bitmap that indicates which LTE HARQ processes should be avoided due to IDC interference. Because UL HARQ process numbers are not specified in LTE, an offset where the pattern starts, is needed. 
· Interference bitmap solution: The UE signals a bitmap including all subframes suffering from IDC interference. The interference bitmap has a certain length (e.g. 10, 40 or 60 ms). Based on the map received from the UE, the eNB decides the final gap pattern, which is potentially signaled back to the UE.
The main difference between these options is that in the first option the UE deduces which kind of bitmap is HARQ compliant. The benefit of the first approach is that the bitmap is typically shorter. However, the latter alternative gives more flexibility to the eNB to decide the best pattern based on load of the subframes etc. Thus it is probably more efficient and preferable. 

	Pantech
	We could compare each solution by scheduling flexibility of eNB. In our understanding, the bitmap selection on HARQ bitmap solution would be up to UE side. That is, the selection algorithm would depend on UE implementation. If UE implementation find a pattern based on only one best HARQ process transmission, it is possible that several UEs deliver identical information to eNB. In that case, the corresponding subframes are overloaded due to the restriction of scheduling by eNB. And complexity of UE side would increase.

In the other hand, the bitmap selection on interference bitmap solution would be up to eNB side.  eNB scheduling could not be restricted by UE implementation. That is, more flexibility could be provided to eNB scheduler considering strong interference avoidance. However, in this solution, how to define strong interference seems to be not clear. And complexity of eNB side would increase.

 Bitmap3 would not be used because we think the signaling from eNB to UE intends to determine not assist. Hence, considering pattern unification in future, interference bitmap solution would disturb it.

	ZTE
	We agree with Ericsson on the comparison and relationship between two bitmaps.
In addition, we would add more as follows:
1) HARQ bitmap will hide the real interference condition from UE. While for interference bitmap, more flexibility of scheduling is allowed at eNodeB. 

Take the interference situation in the following figure for example(TDD config 3), according to the HARQ timing, subframe#13 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#19 in the succeeding radio frame will be interfered. But the fact is that subframe#13 is also used to ACK/NACK the PDSCH transmission of subframe#7and#8 for the first radio frame.
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For the HARQ bitmap, whether subframe#13 should be reserved for LTE or not depends on UE implementation. Different UE may have different implementation and the eNB has no idea of the real interference condition. If the UE suggests in the bitmap that this subframe#13 is reserved for BT, no DL transmission in subframe#7 and subframe#8 could be scheduled and two DL HARQ processes is wasted.

For the interference bitmap, the interference condition in the above figure is well known by the eNB. Thus the eNB could do some DL scheduling in subframe#7 and #8 with full flexibility.

2) The length of interference bitmap should be the least common multiple of BT Tesco and LTE radio frame/half radio frame. For example, 

1.The length should be 30ms in case of BT eSCO EV3(3.75ms) and LTE FDD/TDD configuration 3/4/5/6 (10ms).

2. The length should be 15ms in case of BT eSCO EV3(3.75ms) and LTE TDD configuration 0/1/2 (10ms)

We agree that for interference bitmap solution, the final bitmap pattern decided by eNodeB could be different from what UE reports. For example, eNodeB may give HARQ process aligned bitmap.


	Qualcomm (2)
	Regarding the flexibility of eNB scheduling to take into account the load of subframes, we believe that both HARQ and interference bitmap have the same limitation since UE is not aware of the loading while reporting a bitmap. However, it is possible for eNB to balance the load on subframes when scheduling several BT Master devices since those UEs can adjust their BT timing. For this to work, UE should provide additional information such as BT role and eSCO profile so that eNB can determine the gap pattern. The eNB can then pick different gap patterns for different devices. Based on its assigned pattern, each BT Master device could then align its BT timeline to that offset. The problem of unequal loading with patterns for BT Slave will be more benign since most BT with coexistence issue will attempt to role switch to Master. Also, patterns requested by the remaining BT slaves can be different due to different time offsets between LTE and BT. For LTE FDD, a 2ms ON and 2ms OFF UL timing works for both BT Master and Slave irrespective of time offset and so the eNB can easily assign such patterns to different coexistence UEs to ensure equal loading of subframes.
Regarding the definition of HARQ bitmap solution from Ericsson, it would not be enough to specify the UL HARQ process numbers only since the DL subframes being used should also be specified by a bitmap. This allows for the possibility of UL subframes that only carry ACK/NACK feedback for DL subframes. To simplify the remaining questions, we can simply use a “common subframe usage” bitmap terminology for both HARQ and interference bitmaps. Please refer to our second response to Questions 7/8 for more details on the common subframe bitmaps.


	ZTE(2)
	Regarding the new proposed “common subframe usage” definition, here are our understanding for people’s comments:

In the bitmap reported by UE, whatever called, we also agree that 0 indicates the unused subframe and 1 indicates used subframe for LTE.

For “HARQ bitmap”, the used subframe indicated by UE is after UE’s processing and should be compliant with HARQ timeline. Instead, “interference bitmap” only provides the interference condition at UE, hence the scheduling flexibility is reserved to eNodeB.
Furtherly, HARQ bitmap and interfernce bitmap have some essential difference on the formats, like bitmap period duration. Then even with this new“common subframe usage” terminology, it seems we still need to determine the principal to get this bitmap, which makes the terminology not much meaningful.


	Intel
	Our understanding is that for both HARQ bitmap solution and interference bitmap solution, eNB will signal a HARQ compliant bitmap to UE, according to current text in TR for HARQ process reservation solution. Otherwise, HARQ operation is impacted. It should be also noted that eNB has the freedom to choose a different HARQ compliant bitmap.

When comparing HARQ bitmap solution and interference bitmap solution, we have preference for HARQ bitmap solution. One reason is highlighted by Qualcomm that if interference bitmap is not aligned with HARQ operation, Bitmap4 chosen by eNB will have more restrictions for LTE operation compared with the case that UE reports HARQ Bitmap. Note that for HARQ bitmap solution, UE feedback appropriate bitmap(s) based on internal evaluation thanks to the flexibility of BT side (selection of relative offset between LTE and BT, selection of BT Tx/Rx pair). Simply reporting interference bitmap may not provide sufficient information to eNB; while signaling many BT related parameters from UE to eNB may help eNB to decide suitable HARQ compliant bitmap, but this will increase eNB complexity, and is not future proof.
As to “common subframe usage” bitmap terminology, our understanding is that there are differences between HARQ bitmap (Bitmap A) and interference bitmap (Bitmap B) and it might be difficult to generalize them. We are open to further discussion on this issue.

	Broadcom
	Essentially, the UE needs to inform the eNB that it must coexist with an interferer that has a regular access pattern, and it needs to provide this pattern. The interference bitmap should express the interferer access pattern and not the actual interference. If that would be the case then the interference bitmap seems to be a better approach. The eNB in return should answer back with a HARQ gap pattern that should address the request.


3.2     Timeline analysis results to be captured in Annex B2 
BT Master

Currently in Annex B2 of TR 36.816 v11.0.0, there are 3 sections related to timeline analysis between LTE and BT, as shown in Table 2 below.
Table 2: Annex B2 structure
	Annex section
	BT configuration
	BT retransmission modeled?
	TDM solution used?
	Timeline analysis captured?
	Collision ratio table captured?

	B.2.1A
	eSCO EV3
	No
	No
	No
	Yes

	B.2.1
	eSCO 2-EV3
	Both
	No
	Yes
	No

	B.2.2
	eSCO EV3
	Yes
	Yes
	Yes
	No


Collision table in Annex B.2.1A is captured as the RAN#74 discussion results of proposal 1 of R2-113221 [1]. Timeline analysis in Annex B.2.1 and B.2.2 are captured from R2-106585 [5] as agreed in RAN2#72. 
Original intention of [5] is to show that
· When TDM solutions are not used, even for the coexistence friendly scenario (eSCO 2-EV3 without BT retransmissions), there are still collisions between LTE and BT.

· When TDM solutions are used, even for the coexistence unfriendly scenario (eSCO EV3 with BT retransmissions), there is negligible interference between LTE and BT.

To give a complete picture of the collision problem, some improvements for the current Annex B2 might be needed. Specifically, do we need additional timeline analysis results? For example, Annex B.2.1A only captures collision ratio table without timeline analysis results (which are available in R2-113221 [1]). Currently, there are 3 dimensions for the results (as shown in Table 2): BT configuration (EV3/2-EV3), BT retransmissions (Yes/No), TDM solutions used (Yes/No). Full combinations of these dimensions require 8 set of results. To make the TR concise, we may remove one dimension. One approach is to not consider BT retransmissions. This results in 4 sets of scenarios:
a) BT EV3 without TDM solutions (current Annex B.2.1A, timeline analysis not captured)
b) BT 2-EV3 without TDM solutions (current Annex B.2.1, collision table not captured)
c) BT EV3 with TDM solutions (current results modeled BT retransmissions)
d) BT 2-EV3 with TDM solutions

Currently there are no timeline analysis available for scenario c) and d). Considering that TDM solution can work with worse scenario (BT EV3 with retransmissions), it is expected that timeline analysis can be provided for these scenarios resulting in collision-free coexistence between LTE and BT.
In summary, to restructure current Annex B2, the following changes are needed:
· Add timeline analysis to Annex B.2.1A.
· Add collision table to Annex B.2.1.
· Replace results in Annex B.2.2 with those without modeling BT retransmissions.
· Add timeline analysis results for coexistence between LTE and BT 2-EV3 with TDM solutions in e.g. Annex B.2.3.
	Question 4: whether above approach to restructure Annex B2 acceptable or not? If not, please provide alternatives.

	Company
	Comments

	Qualcomm
	Scenarios a) has a solution only for TDD Config 0 and 1 and so only those two configurations must be included in the TR
Scenario b) has a solution for TDD Config 0, 1 and 2. Only TDD Config 2 can be captured since TDD Config 0 and 1 solution for Scenaria b) follows directly from Scenario a)
Scenarios c) and d) need only be considered for TDD Config 2,3,4,5,6 
It is acceptable that BT retransmissions need not be considered

	Ericsson
	Scenarios c) and d) need to be analyzed only for TDD config 3,4,5,6 if other could be solved without TDM solution as indicated by QC.  

It is ok to limit scenarios in this phase by not the considering BT retransmissions.

	Pantech
	We are ok with Intel’s current suggestion and would like to reconstruct this chapter Annex B.2. For example, B.2.1 scenario a), B.2.2. scenario b), B.2.3. scenario c), B.2.4. scenario d). For this reconstruction, current B.2.1 sections would be split to two sections.

	ZTE
	We are fine not considering BT retransmissions for now.

If we agree BT retransmission could be not considered, we may need more study on the decision of which TDD configurations requiring TDM solution, since some results in TR are based on BT retransmission.

	Qualcomm (2)
	Agree that Scenario d) is not needed for TDD Config 2. Scenario c) would still be needed with TDD Config 2,3,4,5,6.

Regarding ZTE’s comment on which TDD configurations require TDM solutions without BT retransmissions - these results have already been provided in [8] for BT EV-3. For BT 2-EV3, no TDM solution for Configurations 0 and 1 follows from the EV3 result because the used slots in 2-EV3 are a subset of the used slots in EV3 as shown in [9]. Applying the same methodology in [8] to other configurations as done in [9] for BT 2-EV3 shows that TDD Config 2 also does not need TDM solution but the remaining TDD Configs do. Hence, we don’t see the need for further study on this. 

	ZTE（2）
	Since the results from [8] and [9] are not captured in TR, is it possibly better to only take TR into account?
By the way, the 2-EV3 format(12 slots) used in TR is different from QC’s, probably we may need to get consensus on 2-EV3 format first.

	Intel
	We support the proposal; we’re also OK to remove analysis results for 2-EV3 for simplicity if other companies agree.

	Rapporteur
	It seems that most companies are OK to not consider BT retransmissions.

One issue here is whether to include 2-EV3 results. Since 2-EV3 is more flexible compared with EV3, we may remove all 2-EV3 results for the simplicity of TR. Please share your views on this proposal.
If removal of 2-EV3 is acceptable by other companies, then it is proposed to restructure Annex B2 as following:

· Remove 2-EV3 results in Annex B.2.1.
· Add timeline analysis results to Annex B.2.1A (EV3 without TDM solutions)
· Replace results in Annex B.2.2 with those without modeling BT retransmissions.

In summary, we need timeline analysis results for coexistence with BT EV3 with and without TDM solutions. BT retransmissions are not considered. (Note: results for BT slave case is discussed in Question 6).
At this stage, we can leave the details such as which TDD configurations to be analyzed for which scenario for later consideration, i.e. after collecting and calibrating results from different companies.

	Broadcom
	It is OK to not consider retransmissions. However, one may consider using the retransmission slots for one transaction if the first slot is not free. We also agree with only considering TDD frame configurations 3,4,5,6 for a TDM based solution as long as we’ve already established that there is a non-TDM based solution for TDD frame Config 0, 1 and 2. 

We would also like to suggest extending the timeline analysis to a hybrid mode in which Bluetooth receptions are affected by collocated LTE transmissions and Bluetooth transmissions do not impact the operation of the collocated LTE. A description about the hybrid mode may be found in Bluetooth SIG Filter Expert Group, “Filter Recommendations for Coexistence with LTE and WiMAX”, April 2010.



In addition, current results in Annex B.2 are based on assumptions listed in Annex B.1 and other assumptions including: 
· For BT 2-EV3, 6 Tx/Rx pairs are available.

· For BT, one slot (0.625 ms) is assumed to be fully used.
	Question 5: whether to keep current timeline analysis assumptions or make some changes. 

	Company
	Comments

	Qualcomm
	For BT 2-EV3, only the first 3 Tx/Rx pairs are typically available since the rest are left empty for ISM
For BT slot of length 625us, only the initial 450us need to be considered for packet tx/rx

The assumption should clearly state BT polling mechanism, namely reserved slots tx/rx can happen independently, but remaining slots should follow polling relationship i.e Slave can respond in a slot only if Master transmission is allowed in previous slot

	Pantech
	For BT 2-EV3, we agree on QC’s view. Typical operation need to be treated.

For BT slot length, the assumption of one slot occupation would be sufficient for analysis.

	ZTE
	We prefer using 6 Tx/Rx pairs for BT 2-EV3. For each slot, we are not sure whether the exact value of 450us is right. If Qualcomm can share the reference, it would be much helpful.

	Qualcomm (2)
	The BT spec document [10] contains the details for the EV3/2-EV3 packet sizes (Vol. 2, Part B, Chapter 6 in [10]) and transmission rates (Vol. 2, Part A, Chapter 3 in [10]). Each slot transmission starts with an Access code/Header Error Check (HEC) of length 72us+54us=126us, followed by EV3/2-EV3 packet of length ~250us. Accounting for the PA ramp up/down times, we can assume the total time to be roughly 420us.
Also. the maximum mandatory retransmission slots pairs are 2 for both EV3 and 2-EV3 as mentioned in Vol. 2, Part C, Chapter 5 of [10].

	Intel
	For 2-EV3, we agree with Qualcomm that in typical configurations, only the first 3 Tx/RX pairs are available (this corresponds to setting retransmission window Wesco to 4).

We also agree with Qualcomm’s analysis of using 420us for packet Tx/Rx duration. 
Polling rule is a very important assumption for timeline analysis. We agree with Qualcomm’s view. To make such rule explicit in the timeline analysis, please refer to the figure below.
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According to polling rule discussed above, scenario A,B,C and G can be considered as Tx/Rx pairs available for BT operation. Note that scenario F also complies with polling rule, however slave has to acknowledge master in the next slot otherwise master will retransmit. Therefore, scenario F is similar as scenario B with one more slot occupied by slave. For scenario G, whether slave acknowledges or not doesn’t matter since master will transmit a new packet in the next eSCO window.

	Rapporteur
	Rapporteur’s recommendation on assumptions:

· Use 420us for BT Tx/Rx duration.

· BT polling rule: let’s discuss whether the above Intel proposal is acceptable or not.

	Broadcom
	If the discussion is strictly referring to single slot packets then we do agree with using 420us for BT Tx/Rx duration. Otherwise, if it also includes multiple slot packets then, we would like to suggest that instead of using an absolute value like 420us for BT Tx/Rx duration, to assume that the last used slot has always a space left of at least 150us (for a 5 slot or 3 slot, the first 4 / 2 slots respectively are fully occupied, while the last slot has space left).


BT Slave
Currently there are no timeline results for BT slave case in Annex B. The applicability of HARQ gap patterns to BT slave was presented in [6][7]. A search methodology was then presented in [8] for both Master and Slave with BT EV3. The extension of the search methodology to BT 2-EV3 and A2DP was presented in [9].
There are two scenarios for the case of BT Slave:
e) BT Slave EV3 with TDM solutions

f) BT Slave 2-EV3 with TDM solutions

The scenario of BT Slave without TDM solutions need not be explicitly added in the TR since it only works for a subset of the offsets. 
	Question 6: which set of results to be captured for BT Slave case? 

	Company
	Comments

	Qualcomm
	For Scenarios e) and f), we can capture TDD Config 1 timeline to show that the proposed LTE gap pattern works across any offset
For Scenario f), we can show a specific offset to show improved LTE pattern compared to Scenario e)

	Pantech
	We are fine with Intel’s opinion and would also like to reconstruct Annex B.2 chapter.

	ZTE
	In the most cases, the BT device in UE is a master or is able to make a role switch from slave to master. So for simplicity, the scenario of BT slave may be excluded.


	Qualcomm (2)
	As pointed out in [6], there are many situations where role switch from Slave to Master cannot work. It would be good to have Slave timelines for such situations, especially to show patterns that work across any offset.

	Intel
	We’re fine with capturing results for BT slave to make TR complete.

	Rapporteur
	Rapporteur’s recommendation: capture TDD Configuration 1 timeline for BT slave EV3 case.

	Broadcom
	Slave devices should also be considered and timelines for them generated. At least both TDD Frame Config. 1 and 2 should be part of the study.


3.3     Bitmap length 

Note that the current discussion does not consider SPS.
For the length of Bitmap A, LTE UL HARQ timing period should be considered.

For LTE FDD, the length of Bitmap A is proposed to be 8 ms.
	Question 7: For LTE FDD, whether 8 ms bitmap length for Bitmap A is acceptable or not? If not, please provide alternatives.

	Company
	Comments

	Qualcomm
	8ms bitmap length for Bitmap A is acceptable

	Ericsson
	For Bitmap A, 8 ms length is the minimum. However, the offset where the pattern starts, should be signaled or specified. 

	Pantech
	8ms bitmap length for FDD is acceptable. However, we suggest bitmap length decision would be deferred to WI stage because we think bitmap length would be related to pattern unification and cooperation with other issues (not ICO). Pattern unification and cooperation with other issues would be not clear in current status.

	ZTE
	The length of Bitmap A should be 40ms, as the least common multiple of 10ms and 8ms.

	Qualcomm (2)
	As mentioned in our second response to Question 3, a common subframe bitmap terminology can be used across LTE TDD/FDD and HARQ/interference bitmap solutions. In this terminology, each bit indicates whether the sub-frame is used or unused for LTE. The used DL/UL subframe may carry LTE data or only ACK/NACK/grants and the unused subframes are reserved for BT. The starting offset of the bitmap within the LTE frame timing must be known to both eNB and UE. The specific length of 40ms bitmap is acceptable for LTE FDD. The bitmaps for TDD are further discussed below.
We need not consider HARQ bitmaps at this stage. The HARQ bitmaps can be regarded as a compression of the interference bitmap that is valid when the interference bitmap satisfies the HARQ timeline (e.g. bitmap sent from eNB to UE). However, this compression is just a bit-optimization, and can be discussed at a later stage. 
Proposal: For clarity, we can rename the bitmap as “subframe usage bitmap” (rather than interference/HARQ bitmap). This terminology applies to both bitmaps sent in eNB to UE direction and UE to eNB direction.

	Intel
	8 ms bitmap length is acceptable.

	Rapporteur
	Rapporteur’s recommendation: for timeline analysis results, it is proposed to use 8 ms bitmap length for simplicity. Note that 8 ms bitmap can be seen as a special case of 40 ms bitmap.

	Broadcom
	The Bitmap length and how to specify the offset should be a WI.


For LTE TDD, there are mainly two options for the length of Bitmap A: 

· Option 1: use the same bitmap length as the UL HARQ timing period (as in Table 1).

· Option 2: use 10 ms bitmap length for all TDD Uplink-downlink configurations.

	Question 8: For LTE TDD which option should be used for the length of Bitmap A? If other than Option 1 or 2, please provide details.

	Company
	Comments

	Qualcomm
	Option 1 is preferred for length of Bitmap A i.e. same length as UL HARQ timing period

	Ericsson
	Option 1 is preferred to give more flexibility. However, also shorter bitmaps corresponding to the number of HARQ processes could be possible for Config 0 and 6 (similar to FDD case), assuming that the gap pattern repeats every HARQ RTT.

	Pantech
	To our understanding, option 1 would only consider uplink HARQ process periodicity. If downlink HARQ process periodicity is considered, we still wonder Table 1 period would be correct. And basically we suggest deferring bitmap length decision due to reasoning within the response of question 7.

	ZTE
	Option 1 is preferred.

	Qualcomm (2)
	For common subframe usage bitmap across Bitmap A and B, the lengths can be chosen as follows -
TDD Config 0:    70ms
TDD Config 1-5:  30ms

TDD Config 6:    60ms

	Intel
	Option 1 is preferred. 

Regarding Pantech’s comment on DL HARQ periodicity, it should be noted that DL HARQ is asynchronous and HARQ process number is explicitly signaled in PDCCH, therefore DL HARQ operation can be easily accommodated if the timing of PDSCH to PUCCH HARQ-ACK is satisfied.

	Rapporteur
	Rapporteur’s recommendation: for timeline analysis results, it is proposed to adopt option 1. Note that 10 ms bitmap can be seen as a special case of 30 ms bitmap.

	Broadcom
	Option 1 is preferred for the length of Bitmap A.


For the length of Bitmap B, companies are invited to provide their opinions.

	Question 9: what should be the length of Bitmap B?

	Company
	Comments

	Qualcomm
	As mentioned in our response to Question 3, we recommend Bitmap B to become similar to Bitmap A   

	Ericsson
	Bitmap length of 8 ms / 10 ms can be inefficient when the interfered subframes are not occurring every 8 ms / 10 ms. In this case, longer bitmaps could be applied and HARQ retransmissions handled by suspension after one or multiple HARQ RTTs. To find an optimal bitmap length, further studies need to be performed.

	Pantech
	We suggest deferring bitmap length decision due to reasoning within the response of question 7. In current stage, the identification of bitmap of HARQ TDM ICO seems to be sufficient.

	ZTE
	The length of interference bitmap should be the least common multiple of BT Tesco and LTE radio frame/half radio frame. For example,

1.The length should be 30ms in case of BT eSCO EV3(3.75ms) and LTE FDD/TDD configuration 3/4/5/6 (10ms). 

2.The length should be 15ms in case of BT eSCO EV3(3.75ms) and LTE TDD configuration 0/1/2 (10ms)

With the above cycle length, the interfered subframes will repeat every cycle with or without HARQ retransmission.



	Qualcomm (2)
	Please refer to our second response to Question 8

	Broadcom
	Same position as Pantech on this question.


4      Summary and Conclusion
For assumptions of timeline analysis and how to reconstruct Annex B2, the following was agreed:
	Question 4 
Restructure Annex B2 as following: 
 Remove 2-EV3 results in Annex B.2.1. 
 Add timeline analysis results to Annex B.2.1A (EV3 without TDM solutions) 
 Replace results in Annex B.2.2 with those without modeling BT retransmissions. 
BT retransmissions are not considered. 

Question 5 
The following assumptions are changed compared with assumptions in current Annex B.1: 
 Use 420us for BT Tx/Rx duration. 
 BT polling rule: BT Tx/Rx are selected according to order A/B/C/F/G . 

Question 6 
Capture TDD Configuration 1 timeline for BT slave EV3 case. TDD Configuration 2 is optional. 

Question 7 (Bitmap length for LTE FDD) 
For timeline analysis results, it is proposed to use 8 ms bitmap. 

Question 8 (Bitmap length for LTE TDD) 
For timeline analysis results, it is proposed to adopt option 1. 


Timeline results received during email discussion are captured in Annex A. Qualcomm submitted results for BT slave, Intel submitted results for BT master, and ZTE submitted results for both BT master and slave. 

Regarding how to capture the timeline results, the following was agreed.
	For BT master

1. For timeline analysis without TDM solutions, capture results from Intel. 
2. For timeline analysis with TDM solutions 
a) Capture Intel results for FDD and TDD UL/DL configuration 2/3/4/5/6. 
b) Capture ZTE results for TDD UL/DL configuration 2/4/5. 

For BT slave

Capture results from Qualcomm and ZTE.


Based on above agreements, one CR is drafted to correct Annex B2 [11].
Proposal 1: RAN2 to discuss and approve the CR [11].
Further discussion is needed on assistant information sent from UE and bitmaps decided by eNB:
· For bitmaps sent from UE, three options are identified
· HARQ bitmap

· Interference bitmap
· Common subframe usage bitmap

· For bitmaps decided by eNB, there was discussion on the bitmap length. 
· FDD: bitmap length is either 8 ms or 40 ms.

· TDD UL/DL Configuration 0: bitmap length is 70 ms, and there was suggestion that signaling could be shorter by linking with corresponding HARQ processes.
· TDD UL/DL Configuration 1/2/3/4/5: bitmap length is either 10 ms or 30 ms.
· TDD UL/DL Configuration 6: bitmap length is 60 ms, and there was suggestion that signaling could be shorter by linking with corresponding HARQ processes.
Proposal 2: RAN2 can continue the discussion on assistant information and bitmap lengths in the Work Item phase.
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Annex A Timeline analysis results
A.1 Results from Intel
A.1.1 Coexistence with BT EV3 without TDM solutions
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Figure A.1.1-1: FDD and BT EV3 (Offset of BT relative to LTE frame: 0 ms)
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Figure A.1.1-2: TDD Configuration 0 and BT EV3 (Offset of BT relative to LTE frame: 5 – 0.625 ms)
[image: image6.png]LTE Rx

LTE Tx

BT Rx

BT Tx

Time (ms)

00

100

200

300

400




Figure A.1.1-3: TDD Configuration 1 and BT EV3 (Offset of BT relative to LTE frame: 4 – 0.625 ms)
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Figure A.1.1-4: TDD Configuration 2 and BT EV3 (Offset of BT relative to LTE frame: 3 – 0.625 ms)
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Figure A.1.1-5: TDD Configuration 3 and BT EV3 (Offset of BT relative to LTE frame: 5 – 0.625 ms)
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Figure A.1.1-6: TDD Configuration 4 and BT EV3 (Offset of BT relative to LTE frame: 9 – 0.625 ms)
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Figure A.1.1-7: TDD Configuration 5 and BT EV3 (Offset of BT relative to LTE frame: 9 – 0.625 ms)
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Figure A.1.1-8: TDD Configuration 6 and BT EV3 (Offset of BT relative to LTE frame: 5 – 0.625 ms)
A.1.2 Coexistence with BT EV3 with TDM solutions
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Figure A.1.2-1: FDD and BT EV3 (Offset of BT relative to LTE frame: 1 – 0.625 ms, bitmap 11001100)
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Figure A.1.2-2: TDD Configuration 2 and BT EV3 (Offset of BT relative to LTE frame: 3 – 0.625 ms, bitmap 1111110100)
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Figure A.1.2-3: TDD Configuration 3 and BT EV3 (Offset of BT relative to LTE frame: 5 – 0.625 ms, bitmap 1111111101)
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Figure A.1.2-4: TDD Configuration 4 and BT EV3 (Offset of BT relative to LTE frame: 4 – 0.625 ms, bitmap 1111111001)
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Figure A.1.2-5: TDD Configuration 5 and BT EV3 (Offset of BT relative to LTE frame: 5 – 0.625 ms, bitmap 1111010010)
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Figure A.1.2-6: TDD Configuration 6 and BT EV3 (Offset of BT relative to LTE frame: 5 – 0.625 ms, bitmap 1110011110 0111011011 0011111001 1011101101 1101100111 1100110110)
A.2 Results from Qualcomm for Question 6
In this document, we provide the timeline for Question 6 in the email discussion document, namely the HARQ TDM solution for TDD Configuration 1 and BT Slave EV3. A HARQ bitmap of 0011011001 is used which is guaranteed to work for all possible timing offsets between LTE and BT [1]. A representative example of two possible BT timing offsets 0.5ms and 2.5ms are considered to show that the same LTE HARQ pattern works for both. Of course, the patterns of used BT slot pairs depend on the offset and are also shown. The assumptions used in the timeline are as agreed before - 

1. The polling patterns for slave are the same as the patterns A, B, C, F and G as indicated by Intel except that the Tx label is replaced with an Rx label (because when Master transmits in a slot, Slave is receiving in that slot) and vice-versa 

2. The slot duration for BT is assumed to 420us and is incorporated in the overlap calculation to obtain the successful slots shown in the figure. 

3. The BT slot pairs are shown over an interval of 30ms since the pattern of overlap with LTE repeats after that. 
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An explicit validation of the used pattern was carried out for all BT timing offsets in [1]. However, some explanation can also be provided for why the above pattern works for all offsets. For LTE TDD Configuration 1, there are a maximum of two consecutive UL subframes and these are separated by three DL subframes. This ensures that one BT Rx slot is guaranteed to succeed in any eSCO interval. For three consecutive DL subframes as in this TDD Configuration, there can be a BT offset for which no Tx slot is available in an eSCO interval. With the above HARQ TDM pattern, there is also no occurrence of more than three consecutive DL subframes. So, we have at least one BT Tx slot in each eSCO interval that does not cause interference to LTE. For slave, this Tx slot is usable if it is a reserved slot. If it is not a reserved Tx slot, then the poll in the previous Rx slot is required to succeed. The above gap pattern ensures that in such situations, this previous Rx slot also always succeeds due to the additional LTE UL gaps.  

[1] R2-112325, “HARQ based gap patterns for coexistence of LTE TDD and Bluetooth”, Qualcomm Incorporated 
A.3 Results from ZTE

A.3.1 BT as Master without TDM solution
TDD configuration 0: (offset = 0.625ms)
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TDD configuration 1: (offset = 0.875ms)
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TDD configuration 2: (offset = 0)
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TDD configuration 3: (offset = 0.75ms)
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TDD configuration 4: (offset = 1ms)
[image: image23.emf]0 5 10 15 20 25 30

0

1

2

BT Tx

0 5 10 15 20 25 30

0

1

2

BT Rx

0 5 10 15 20 25 30

0

1

2

LTE Tx

0 5 10 15 20 25 30

0

1

2

LTE Rx


TDD configuration 5: (offset = 0)
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TDD configuration 6: (offset = 0.625ms)
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A.3.2 BT as Master with TDM solution (Interference Bitmap)
TDD configuration 2: (offset = 0)
Bitmap：111110111111111111110111111111
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TDD configuration 3: (offset = 0.75ms)
Bitmap：111111110111111110111111111011
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TDD configuration 4: (offset = 1ms)
Bitmap：111111011110111101111111111011
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TDD configuration 5: (offset = 0)
Bitmap：111110101111111011110111110111
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TDD configuration 6: (offset = 0.625ms)
Interference Bitmap：111111111011111111111011111110111111111011111111111011111110
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A.3.3 BT as Slave without TDM solution
TDD configuration 1（offset = 0.125ms）
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TDD configuration 1（offset = 0）
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A.3.4 BT as Slave with TDM solution(Interference Bitmap)
TDD configuration 1（offset = 0）
Bitmap：101111011110111101111011110111
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