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1      Introduction
In this email discussion, companies were invited to provide the views on the remaining issues after RAN1 #74bis for LTE coverage enhancements. This contribution summarizes the results of email discussion.
2      Remaining issues for UL VoIP and medium data rate PUSCH

In this section, we discuss the remaining issues for TTI bundling enhancements for UL VoIP and medium data rate, corresponding to AI 7.2.4.1 and 7.2.4.2 at RAN1 #74bis. 
2.1     TTI bundling enhancements for UL VoIP

A number of potential solutions on TTI bundling enhancements for UL VoIP (for FDD) have been investigated and discussed in the previous email discussion [1] and at RAN1 #74bis, including: 

· Alt 1: 12ms RTT, TTI bundling size of 4 

· Alt 2: TTI bundling size of 20

· Alt 3: TTI bundling size of 10

· Alt 4: TTI bundling size of 8

· Alt 5: TTI bundling size of 5

· Alt 6: Flexible bundling size

· Alt 6.1: Fixed bundling pattern of [8, 4, 4, 4, …]

· Alt 6.2: Dynamic scheduling of additional bundling over different HARQ processes (each HARQ process with a DCI) with a fixed bundling size of 4 for a same transport block

· Alt 6.3: Dynamic triggering of flexible bundling sizes (4 or 8) indicated by an information field in DCI

· Alt 7: TTI bundling size of 20, interleaved

· Alt 8: PUCCH format 3 based

At RAN1 #74bis, for UL VoIP, it was agreed that:
· Enhanced TTI bundling for UL VoIP will be selected from following the two alternatives for FDD:

· Alt1: Reduction of RTT to 12ms
· Alt6: Flexible bundling size
· It is FFS for TDD.

Striving for concluding on UL VoIP (for FDD) at next RAN1 meeting, we invite companies to provide your preference between Alt1 and Alt6 above (if one Alt has to be selected) and corresponding reasons in the email discussion.
Table I: Views and preference on TTI bundling enhancements for UL VoIP

	Company
	Preference between Alt1 and Alt6
	Reasons (e.g., pros compared to the other Alt)

	ZTE
	Alt 6.1
	Within Alt 6 we only have sufficient detail understanding of Alt 6.1. This is basically the reason behind those companies supporting the specific pattern for Alt 6. The pattern is optimized for VoIP.

We suggest further clarifying how Alt6.2 can be defined and the potential standard change needed. The introduced additional DCI format need to be clarified the needed information bits. To our understanding if we trigger additional 4-TTI bundle, we may reuse the number of PRB and MCS level etc. We also want to know if the additional DCI transmit for ever additional 4-TTI bundle.

For the Alt 6.3, it should be clarified if the Dynamic triggering of flexible bundling sizes is done by the SPS activation DCI or another additional DCI. It also have other similar questions as for Alt 6.2.

In terms of performance, we think the performance for Alt 1 is very close to Alt6.1

	Huawei
	Alt 1
	In terms of performance, Alt 1 is very close to Alt 6.1. Furthermore, Alt 6.3 may have similar performance compared with Alt 6.1. We are not sure on the performance of Alt 6.2. Further clarification is needed for Alt 6.2.

In terms of specification impact, Alt 1 has impact on HARQ RTT, HARQ timing and number of HARQ process. Alt 6.1 has impact on bundling size, HARQ timing and number of HARQ process. Alt 6.2 has impact on the potential signaling in DCI and different HARQ process combination related in RAN1 and RAN2. Further clarification is needed for Alt 6.2. Alt 6.3 has impact on the potential signaling in DCI, bundling size, HARQ timing, number of HARQ process.

In terms of implementation impact, Alt 6.2 and 6.3 seem allow more flexibility for eNB scheduling to handle the coexistence between the enhanced scheme and legacy HARQ.

	Samsung
	Alt1
	For Alt6.1, two kinds of bundling size (8 and 4) and two kinds of RTT time (16ms and 12ms) will be introduced. For Alt6.2 and Alt6.3, the HARQ operation may be dependent on the indication carried by DCI, which will restrict the application of this scheme together with SPS operation. Comparing with Alt6, Alt1 has similar performance gain and introduces less specification and network impact. 

	CMCC
	Alt 1: 4 TTI bundling with  5 transmissions, RTT is 12ms
	According to simulation results, Alt 1 (12ms) has already provide 1dB gain which satisfying the requirements during SI stage. But it is also fine if Alt 6.1-6.3 can provide additional 1dB gain or more on top of Alt 1. Otherwise, we think Alt 1 is enough.
The simulation results between Alt.1 and Rel-8 baseline in Figure 8 (case 5) in R1-122719

	China Telecom
	Alt.1 
	Compared to Alt.6, Alt.1 seems to have similar coverage performance, but with less standardization impacts and/or signaling overhead. 

	CHTTL
	Alt 1
	The performance of Alt 1 seems to be close to Alt 6.1. Compared with Alt 1, Alt 6 has additional impact on bundling size. Alt 6.2 and Alt 6.3 require signaling in DCI for the scheduling/triggering of flexible bundling size. Considering specification impacts, we prefer Alt 1.

	CATT
	Alt 1
	Same reasoning as other companies supporting Alt 1

	InterDigital
	Alt 1
	Performance-wise, we see only very marginal differences in improvements between 12ms TTI and variable bundling size with fixed patterns (Alt 6.1), i.e. both perform equally well. When compared to variable bundling size with re-claiming unused TTIs (Alt 6.2) or dynamically assigned bundling size (Alt 6.3), we think the potential additional gains on top serve to improve link efficiency rather than extend the achievable cell edge link-budget. rBLER is still determined by all HARQ processes maximizing out their allotted 20 TTI’s per allowable Uu budget. Gains from re-claiming unused TTI’s due to early termination of concurrent HARQ processes may not be that relevant for cell edge conditions where statistically speaking, almost all TB’s in almost all HARQ processes require their full 20 TTI’s. 

Complexity and specification-impact wise, we don’t necessarily think it is more complicated to introduce pre-determined patterns for variable bundling size (Alt 6.1) when compared to 12 ms TTI’s (Alt 1). However, it may just be easier to always follow the same fixed PDCCH/PUSCH/PHICH timing relationships (Alt 1). Also, addressing the SPS case, at least nominally, in specifications may be easier with Alt 1. We do not think that eNB scheduling to deal with R8 k+8/k+16 timelines is much of an issue when introducing R12 k+12 bundling (Alt 1). For the 1-3 PRB PUSCH carrying VoIP allocations in 5 MHz UL, we see little risk for scheduling conflicts, because it would require a very high number of active VoIP connections in the cell to use up that many UL subframes before the scheduler starts being limited by reduced degree of freedom in terms of PUSCH allocations.

	Ericsson
	Alt 1
	Alt 1 provides similar performance with Alt 6 but has limited impact of specification, i.e. new HARQ RTT, number of HARQ process. 

Alt 6.1 can be viewed as a special case of Alt 6.2 and Alt 6.3. Alt 6.1 uses a fixed bundle pattern and the first bundle size is always 8 which may results in resource waste as a VoIP packet may not always need 8 TTIs even in coverage limited scenarios. Alt 6.2 needs to be further clarified regarding to how the additional bundle of another HARQ process can be triggered for the same transport block. For Alt 6.3, there are different design options. As one example, the bundle size can be connected to whether the transmission is triggered by PHICH or an uplink grant, e.g. the PHICH triggered retransmission use bundle size 4 while the UL grant triggered retransmission use bundle size 8. Although Alt 6.2 and Alt 6.3 have larger flexibility, the standardization effort is also higher than Alt 1. In additional to the signaling to trigger “HARQ process borrowing” or bundle size, the HARQ process mapping also needs to be changed in RAN2. Besides, this may bring larger complexity to both eNB scheduler and UE implementation.

	LG Electronics
	Alt 6.1
	We do not see much value to introduce dynamic signaling for TTI bundling. Therefore, flexible bundling (Alt 6) should be down-selected to Alt 6.1. Comparing Alt 1 with Alt 6.1, specification impact is similar; Alt 1 has impact on HARQ RTT, HARQ timing and number of HARQ process. Alt 6.1 has impact on bundling size, HARQ timing and number of HARQ process, but Alt 1 increases scheduler complexity. 

	ALU/ASB
	Alt 1
	All the alternatives provide similar coverage gain. For the gain on the order of 1 dB, the specification impact should be minimized. The flexibility provided by Alt 6.2 and Alt 6.3 is considered unnecessary with additional complexity. Alt 1 has a very straightforward definition of HARQ/PUSCH timing and HARQ processes. For Alt 6.1 the PUSCH timing triggered by PHICH would be defined differently for the first transmission, the HARQ process definition can be a bit more complicated, and it may need to limit the number of maximum HARQ transmissions to 4. Moreover, it has more RAN2 impact than Alt 1. Therefore Alt 1 is preferred.

	Intel
	Alt 1
	Alt 6 has multiple possible realization alternatives which require further studies.
· Alt 6.1 [8 4 4 4] enforces use of a larger TTI bundle size during the initial transmission. It is possible that for many of the UEs, the initial Rel-8/9/10/11 TTI bundling size of 4 is sufficient and may not need any additional re-transmission; this leads to lower resource utilization efficiency

· Alt 6.2 (additional HARQ) will incur higher control channel overhead. 

· Alt 6.3 (dynamic triggering of 4, 8) may have higher standardization impact due to additional signaling. 

Alt 1 provides similar performance but has limited impact on specification.

Taking into account specification impact and limited WI timelines, we prefer Alt 1.

	Coolpad
	Alt 1
	Both Alt 1 and Alt 6 show similar performance gain, we would prefer Alt 1 due to less specification effort.

	NSN/Nokia
	Alt 6.2
	Benefit of the Alt 6.2 compared to Alt 1 is that RTT of 16ms can be kept. 12ms RTT would be problematic when scheduling legacy UEs in between enhanced VoIP transmissions. 
Specification impact is low: when UE is configured for TTI bundling (as defined in earlier releases) the only thing that needs to be specified is new interpretation of NDI bit and RV field in the MCS bits of UL grant Then it is possible to dynamically schedule additional 4 TTI bundle. There is no need to modify RAN2 specifications. 
We think that changing RTT to 12ms (Alt 1) would be significantly more complicated from specification and implementation point of view.

Another benefit of Alt 6.2 is that decision to include additional 4 TTI bundle can be done dynamically: slow RRC-signaling is not needed when channel conditions change.

	Fujitsu
	Alt. 6.1, 6.2
	Fujitsu can share the NSN/Nokia’s view.

Though a delay budget of 52 ms is allowed, not all UE needing TTI-bundle transmission of PUSCH for VoIP packets eat up the full delay budget by the time when decoding of PUSCH is successfully finished. In a case where such an earlier termination of PUSCH decoding, Alt 6.1 provides a shorter latency than Alt 1.
And a further proposal could be made: Rel-12 UE configured in Rel-8 TTI bundling ([4,4,4,4] with RTT=16 ms) may add another 4 TTIs immediately after the first transmission of 4 TTIs when the UL grant received for first transmission indicates the UE to do so. This operation may be regarded as a version of Alt.6.2.

	QC
	Alt. 6.2
	Alt 1 will result in complicated eNB scheduling and UE implementation. In particular, a Rel-12 UE may have to support 3 different UL RTTs in FDD (8ms, 16ms, and 12ms), and possibly another set of 3 different RTTs in TDD (without bundling, with legacy bundling, and new bundling). The corresponding additional standardization, implementation and testing efforts are rather significant compared with Alt 6.2. With Alt. 6.2, we can keep the same RTT and combine HARQ processes as needed for coverage enhancements. 

Comparing to Alt 1, Alt 6.2 can have further gain if some HARQ process early termininates and can be dynamically used for another HARQ process. 

The same principle can be used for both FDD and TDD.


Observation: 

· Regarding TTI bundling enhancements for UL VoIP for FDD, majority companies prefer to Alt 1.
Proposal:

· Reduction of RTT to 12ms is supported in enhanced TTI bundling for UL VoIP for FDD in Rel-12.
2.2     Coverage enhancements for medium data rate PUSCH
At RAN1 #74bis, for medium data rate PUSCH, it was agreed that:

· When TTI bundling enhancement is enabled

· There is no restriction of resource allocation size (subject to existing resource allocation restrictions in UL grants)

· The modulation order is set to QPSK.

Besides removing the resource allocation limitation, for medium data rate PUSCH, some further enhancements were discussed, e.g., 
· Modified TB size determination [2]

· Rate matcher enhancement [3]
· Unified pattern for PUSCH and VoIP (from offline) 

Companies are invited to answer whether further enhancements on top of current agreements are needed and give the reason. 
Table II: Views on further enhancements for medium data rate PUSCH

	Company
	Whether further enhancements are needed
	Reasons, possible solutions and pros/cons

	ZTE
	Further input for the performance analysis and based on decision of VoIP.
	The above agreements for medium data rate PUSCH will allow for using sufficient larger TBS. Modified TB size determination is not needed to be enhanced. 

Since the cases with such high effective code rates (over subframe bundle measured) do not always appear, we are investigating it with more quantitative results, considering potential problem of rate matcher. 
For legacy TTI bundling, unified R8 pattern is used for PUSCH and VoIP. Given different patterns used, when VoIP and another PUSCH data service coincide, UEs need to maintain two types of patterns (HARQ timing) and switch each other in terms of service type. In addition, the compatibility of different patterns needs to be considered by eNB scheduler, which increases complexity. 

Therefore, considering non-differential HARQ transmissions for VoIP and PUSCH, it is proposed that unified pattern (HARQ timing) is used for VoIP and PUSCH for TTI bundling enhancement. Note that for Alt6.1, this have to limit transmission time per HARQ to 4 for data transmission.


	Samsung
	Unified pattern for PUSCH and VoIP
	If not, the eNB may have to adjust the bundling scheme according to the buffer status corresponding to different service type, which will complicate the eNB scheduler implementation.

	China Telecom
	Same  pattern as VoIP can be used for PUSCH (if Alt.1 is used for VoIP)
	As Rel-8, unified design of VoIP and PUSCH can be considered in Rel-12. Otherwise, there may be some potential problems for simultaneous VoIP/PUSCH transmission. 

	CHTTL
	Unified pattern for PUSCH and VoIP
	Unified design of VoIP and PUSCH can avoid the some potential problems of simultaneous VoIP and PUSCH transmissions.

	InterDigital
	Same transmission pattern for medium-rate PUSCH and VoIP case.
	We agree that it is very desirable to use the same pattern for medium-rate PUSCH and VoIP for the case we decide to go for Alt 1 (12 ms TTI) with VoIP. Otherwise, scheduler implementation would be made unnecessarily complicated. It is probably not much of an issue system-operation wise, because by definition we will either follow the R8 or the R12 bundling patterns and timeline, so for us this is more in terms of not introducing undue complexity.

	Ericsson
	Same pattern for medium data rate PUSCH and VoIP.
	We see no need to have separate design of VoIP and PUSCH.

	LG Electronics
	Further enhancement is not needed for medium rate PUSCH. 
	Our understanding is that current agreement for medium rate PUSCH is just relaxing 3PRB restriction with legacy bundling pattern. Relaxing 3PRB restriction has already 1dB coverage enhancement gain. We do not see much value to change specification for medium rate PUSCH. Before discussing additional enhancement, we have to discuss whether further enhancement is needed or not for medium rate PUSCH.

	ALU/ASB
	Unified approach for data PUSCH and VoIP
	Although no additional enhancement is needed for medium data rate PUSCH, data and VoIP should share the same design.

	Intel
	Unified approach for medium data rate and VoIP
	Further enhancement for medium data rate PUSCH is not needed. Benefits of separate designs are not clear.

	Coolpad
	Unified pattern for PUSCH and VoIP
	The current agreement on relaxation of PRB is already well fixing the coverage issue. There is no need to enhance the medium rate PUSCH. To avoid unnecessary scheduling complexity, data and VoIP should share the same design. 

	NSN/Nokia
	Modification to TB size determination is not needed. 

Rate matcher enhancement need to be considered.
	Our understanding is that table 8.6.1-1 is still used for determining TBS index. Larger TB sizes are signaled by allocating MCS index in range 11-28. The exception to the table is just that modulation order is always QPSK.

As pointed out in our previous contribution larger TB sizes together with TTI bundling (and QPSK only modulation) leads to a situation where large number of systematic bits are punctured in the rate matcher. We propose to modify rate matcher operation so that number of punctured systematic bits does not increase when TTI bundling is used. Our simulations show that up to 6.3% gain can be observed compared to Rel-8 rate matching when this problem is fixed.

	QC
	Unified approach for data PUSCH and VoIP.

Further enhancement is not needed for medium rate PUSCH.
	Same design for PUSCH and VoIP should be used. 

We don’t see the need of additional optimization beyond the current agreement for the medium data rate enhancements, i.e. remove the constraint on 3 RB. 


2.3     Higher layer signaling for TTI bunlding enhancements for medium data rate PUSCH and VoIP
At RAN1 #74bis, it was agreed that: 
· Higher layer signaling is defined to enable/disable TTI bundling enhancement.

· FFS whether to reuse the Rel-11 TTI bundling signaling parameter or a new parameter

Also, the Alts on how to enable/disable enhanced TTI bundling for medium data rate and VoIP were provided, including:

· Alt 1: Re-use the Rel-11 parameter

· Alt 2: One new parameter covering both cases

· Alt 3: Separate parameters for each case

· One of the parameter may the Rel-11 parameter
Companies are invited to give the preference among the above 3 alternatives and corresponding reasons.
Note: 
· The selection may depend on the final solutions for TTI bundling enhancements for medium data rate PUSCH and VoIP, e.g., the commonality between PUSCH/VoIP solutions in Rel-12, and that between Rel-8/Rel-12 solutions.
· FDD can be assumed firstly (since more investigations are needed on benefit and solutions for TDD)
· Table III: Views and preference on how to enable/disable TTI bundling enhancements for medium data rate PUSCH and VoIP

	Company
	Your preference among the Alts
	Reasons (e.g., sufficient for support of certain solutions)

	ZTE
	Prefer Alt2, but should be based on question 2.2
	In order to support the unified pattern for PUSCH and VoIP, Alt2 can be selected. 

	Huawei
	For case 3, Alt 1

For case 4, Alt 2

For case 1 or 2, FFS
	There are several combinations for Rel-12:

Case 1: with restriction of 3 PRB, legacy bundling scheme
Case 2: with restriction of 3 PRB, new bundling scheme
Case 3: no restriction of 3 PRB, legacy bundling scheme
Case 4: no restriction of 3 PRB, new bundling scheme

In our understanding, case 3 and case 4 are needed to be supported in Rel-12 at least. For case 3, we can reuse Rel-8 parameter. For case 4, one new parameter is needed.

If case 1 and case 2 are needed to be supported further, more parameter is needed.

Here “legacy bundling scheme” means Rel-8 TTI bundling scheme with 4 bundling size and 16ms RTT and “new bundling scheme” means one of Alternatives in section 2.1

	Samsung
	Alt2
	Considering that one unified bundling pattern is preferred to be used for both VoIP and medium data rate, and the pattern will be different from that of Rel.8, Alt2 should be the choice.

	China Telecom
	Alt.2 
	Alt.2 is sufficient if unified design of RTT 12 ms for VoIP and PUSCH is used in Rel-12.

	CHTTL
	Prefer Alt 2
	If unified bundling pattern is used for both VoIP and medium data rate, Alt 2 seems to be a good choice.

	CATT
	Alt 2
	One new parameter is sufficient

	InterDigital
	Alt 2
	We agree with Samsung’s and CHTTL’s reasoning…

	Ericsson
	
	It is a bit unclear to us what the different alternatives mean here. However, our preference is to support two bundling schemes in Rel-12, i.e. the legacy bundling scheme and the Rel-12 bundling scheme. The specification change is to define a new parameter that is different from the Rel-11 TTI bundling parameter. We are OK to leave this discussion to RAN2.

	LG Electronics
	
	This can be decided after the decisions of 2.1 and 2.2. 

	ALU/ASB
	Alt 2
	We think a unified design should apply to data and VoIP. Therefore a new parameter should be introduced to cover both cases.

	Intel
	
	In our view, we need to finalize the coverage enhancements from L1 perspective first and then discuss needed higher layer signaling. The aspect can be decided by RAN2 based on feedback/recommendation from RAN1.

	Coolpad
	Alt 2
	One unified parameter is preferred to support both cases. 

	NSN/Nokia
	Alt 1
	We assume that coverage enhancements will not be a mandatory feature for all Rel-12 UEs but some feature indication bit will be specified and eNB then knows if the UE supports Rel-12 coverage enhancement methods. 

In case of VoIP, eNB only needs to send the UL grant with the modified NDI/RV fields, which has to be accordingly interpreted by UE; additional higher layer signaling is not needed. 

In case of medium data rate PUSCH, UL grant without PRB limitations is the only change; additional higher layer signaling is not needed.
Regarding our proposal to modify rate matcher operation, the modified operation can be specified so that when TTI bundling with large TBS index is used, a new starting point to read bits from circular buffer is defined in RAN1 specification. New higher layer signaling is not needed.
Dynamic scheduling of additional 4 TTI bundle (Alt 6.2) can also be applied to medium data rate PUSCH and additional higher layer signaling is not needed to configure this operation.
It should be noted that our proposals do not require signaling to indicate if Rel-11 or Rel-12 mode is used in UE in case of TTI bundling. With our proposals, Rel-11 or Rel-12 mode can be simply selected with DCI content.

	QCOM
	Alt 2
	It is sufficient to have the same RRC signal to turn on and off the coverage enhancements for both VoIP and medium rate. 

For medium rate, the eNB can directly schedule beyond 3 RB for the users supporting Rel-12 bundling enhancements. 

For VoIP, if Alt 6.2 is adapted, the DCI can be interpreted differently for HARQ combining.


Observation: 

· Regarding further enhancements of TTI bundling for medium data rate PUSCH for FDD on top of previous agreement (removing the resource allocation limitation), 
· Majority companies think same pattern as enhanced TTI bundling for UL VoIP should be considered.
· Regarding how to enable/disable enhanced TTI bundling for medium data rate and VoIP, 
· Majority companies prefer to Alt2, i.e., one new parameter covering both cases.

Proposal:

· Same transmission pattern is used for enhanced TTI bundling for UL VoIP and medium data rate PUSCH in Rel-12 
· One Rel-12 new parameter is used for covering enhanced TTI bundling for both UL VoIP and medium data rate PUSCH.

3      Remaining issues for TDD
In this section, we discuss the remaining issues for TTI bundling enhancements for TDD, corresponding to AI 7.2.4.3 at RAN1 #74bis. 
As noted at RAN1 #74bis, the discussion will focus on: 

· Whether or not further enhancement for Configurations #0, #1, #6 is necessary

· Especially with respect to coverage gain

· If so, details
· Whether or not coverage enhancement for Configurations #2, #3, #4, #5 is necessary

· If so, details

To make the discussion more focused, two phases are considered in the email discussion, including:
3.1     Phase I (Until 23rd Oct.)
At phase I, supporting companies are invited to provide the potential solutions for TTI bundling enhancements for TDD and performance gain.

Table IV: Potential solutions for further enhancement for Configurations #0, #1, #6
	Company
	Description of potential solutions and performance gain 

(clarification for PUSCH and/or VOIP and for which config. is needed, and detailed results can be put in appendix of this doc)

	CATT
	For configuration #0 bundling size is 6 and for configuraiton#6 bundling size is 5 with 30ms RTT.

	Huawei
	Conf #0: 4 TTI bundling with changing the HARQ timing shown in R1-134350. The expected gain of the enhanced scheme compared with legacy scheme is moderate.
Conf #1: 2 TTI bundling with changing the HARQ timing shown in R1-134350. The expected gain is small.
Conf #6: 2 TTI bundling with 3 HARQ processes and changing the HARQ timing. The expected gain is comparable with the gain in FDD.

	Samsung
	According to the Rel.8 TTI bundling scheme, the accumulated TTIs for one VoIP packet in configuration #0, #1 and #6 are all eight under the given delay budget (50ms). And the maximum number of accumulated TTIs for one packet should be 12, 8, and 10 for configuration#0, #1 and #6 respectively. So it is possible to further enhance the coverage for configuration#0 and #6.

Considering the WI time schedule, we prefer the solutions with less impact. One proposal is to relax the VoIP delay budget for TDD to 56ms, and keep the bundling scheme the same as what defined in Rel.8. 

	CMCC
	TTI bundling enhancement should be considered for TDD UL VoIP, the following bundling schemes can be considered for TDD configuration 0 and 6
· Scheme a (conf.0): TTI bundling size is 3, RTT time is 15ms, maximum transmission is 4, shown in Figure 3.
· Scheme b (conf.0): TTI bundling size is 6, RTT time is 30ms, maximum transmission is 2, shown in Figure 4.

· Scheme c (conf.6): TTI bundling size is 5, RTT time is 30ms, the maximum transmission is 2, shown in Figure 5.
Compared to legacy approach, the new scheme has performance benefit. Simulation results are in R1-134572 

	QC
	For TDD, it is also possible to combine different HARQ processes to gain further link budget improvement. This can be applied for both FDD and TDD configurations. 


Table V: Potential solutions for coverage enhancement for Configurations #2, #3, #4, #5
	Company
	Description of potential solutions and performance gain 

(clarification for PUSCH and/or VOIP and for which config. is needed, and detailed results can be put in appendix of this doc)

	NEC
	Motivation: LTE TDD system may be deployed with another TDD system (TD-SCDMA) in F band in China. In the co-existence scenario, Configuration #2 is used which does not support TTI bundling in current specification.

Potential solution: Reduce the length of GP and extend UpPTS of special subframe to more symbols so that TTI bundling could be carried out between special subframes and normal subframes. Details are shown in the appendix.

Proposal: extend TTI bundling to Configurations #2, #3, #4 and #5.

	CATT
	For configuration#3 bundling size is 3 with 30ms RTT

	Huawei
	Conf #2: A discontinuous TTI bundling shown in R1-134350 to further enhance the time diversity. The expected gain is small.
Conf #3: 2 TTI bundling with changing the HARQ timing shown in R1-134350. The expected gain is comparable with the gain in FDD.
Conf #4: A discontinuous TTI bundling shown in R1-134350 to further enhance the time diversity. The expected gain is small.
Conf #5: A discontinuous TTI bundling shown in R1-134350 to further enhance the time diversity. The expected gain is small.

	Samsung
	The performance gain of TTI bundling for VoIP in these configurations may be marginal(also for configuration#3 if relaxing the VoIP delay budget to 56ms), however as what has been verified in the SI, TTI bundling is beneficial for medium data PUSCH transmission by virtue of large block coding gain and the reduced overhead of higher layer heads.

So we propose to extend TTI bundling to configuration#2, #3 and #4 with the bundling scheme: {bundling size equal to 2/3/2 respectively, two HARQ processes, 20ms RTT}.

	CMCC
	For configuration 3

3 TTI bundling, 2 transmissions and 30ms RTT time for configuration 3 can be considered. The simulation results are shown in R1-134575
For other configurations FFS. Samsung’s proposal can be a start point.

	QC
	For TDD, it is also possible to combine different HARQ processes to gain further link budget improvement. This can be applied for both FDD and TDD configurations. 


Based on the investigation and input in phase I above, the potential solutions and benefit for TTI bundling enhancements for TDD are summarized by rapporteur as follows. 

Table VI: Potential solutions and benefit for TTI bundling enhancements for Configurations #0, #1, #6
	
	Config. 0
	Config. 1
	Config. 6

	CATT
	bundling size is 6 with 30ms RTT (about 1 dB gain)
	
	bundling size is 5 with 30ms RTT (about 1 dB gain)

	Huawei
	4 TTI bundling with changing the HARQ timing (moderate gain)
	2 TTI bundling with changing the HARQ timing  (small gain)
	2 TTI bundling with 3 HARQ processes and changing the HARQ timing  (comparable  gain with FDD)

	Samsung
	Prefer the solutions with less impact. One proposal is to relax the VoIP delay budget for TDD to 56ms, and keep the bundling scheme the same as what defined in Rel.8.

	CMCC
	Alt 1: TTI bundling size is 3, RTT time is 15ms, maximum transmission is 4

Alt 2: TTI bundling size is 6, RTT time is 30ms, maximum transmission is 2
(about 0.9 dB gain)
	
	TTI bundling size is 5, RTT time is 30ms, the maximum transmission is 2 (about 0.8 dB gain)

	QC
	For TDD, it is also possible to combine different HARQ processes to gain further link budget improvement. This can be applied for both FDD and TDD configurations. 
	
	


Table VII: Potential solutions and benefit for TTI bundling for Configurations #2, #3, #4, #5
	
	Config. 2
	Config. 3
	Config. 4
	Config. 5

	NEC
	Reduce the length of GP and extend UpPTS of special subframe to more symbols so that TTI bundling could be carried out between special subframes and normal subframes. (gain of 0.6 ~ 2.0 dB)

	CATT
	
	bundling size is 3 with 30ms RTT (about 1 dB gain)
	
	

	Huawei
	discontinuous TTI bundling (small gain)
	2 TTI bundling with changing the HARQ timing (comparable  gain with FDD)
	discontinuous TTI bundling (small gain)
	discontinuous TTI bundling (small gain)

	Samsung
	Bundling size of 2, two HARQ processes, 20ms RTT
	Bundling size of 3, two HARQ processes, 20ms RTT
	Bundling size of 2, two HARQ processes, 20ms RTT
	

	CMCC
	FFS and Samsung’s proposal can be a start point
	3 TTI bundling, 2 transmissions and 30ms RTT time (about 0.9 dB gain)
	FFS and Samsung’s proposal can be a start point
	FFS


3.2     Phase II (from 24th Oct. to 1st Nov.)
At phase II, based on potential solutions and benefit provided and summarized in above section, companies are invited to provide the views and comments on 

· Whether or not further enhancement for Configurations #0, #1, #6 is necessary

· Especially with respect to coverage gain

· If so, details
· Whether or not coverage enhancement for Configurations #2, #3, #4, #5 is necessary

· If so, details
Table VIII: Views on further enhancement for Configurations #0, #1, #6
	Company
	Comments (e.g., whether it is necessary [if so, preferred schemes from above summary], performance benefit, standardization impacts and network impacts)

	CATT
	For configuration #0 bundling size is 6 and for configuraiton#6 bundling size is 5 with 30ms RTT.

	Samsung
	To relax the VoIP delay budget for TDD to 56ms (at least 52ms to align with that in FDD), and keep the bundling scheme the same as what defined in Rel.8.

	Huawei
	Configuration #0 and #6 can be considered for further enhancement in Rel-12 if time allows. For configuration #0, 4 TTI bundling size with 20ms RTT is preferred. For configuration #6, 2 TTI bundling size with 3 HARQ processes is preferred.
FFS for configuration #1with lower priority in Rel-12.

	Ericsson
	No performance benefit can be expected for configuration #1 and some potential can be expected for configuration #0 and #6. Similar to the discussions for FDD, the performance benefit, standardization impacts and network impacts should be studied for the new proposals.

	ALU/ASB
	Agree on the comment by Samsung and do not see the need for enhancement.

	Intel
	Performance benefit may be expected for configuration #0, #6. Further analysis is needed with regard to specification impact and performance gain.

	NEC
	1, Configuration #1 and #2 are widely adopted configurations in real LTE TDD networks. So they should be given high priority for coverage discussion. Configurations #0 and #6 have already supported TTI bundling, so they should be given low priority.

2, Increasing the bundling size is a straightforward and efficient way to improve the coverage. 

3, Using UpPTS for TTI bundling could increase the bundling size and improve the coverage. 

	Coolpad
	If performance gain is observed when relax the bundling size/RTT, we support further optimization (e.g. 6 or 3 TTI bundling for configuration #0 and 5 TTI for config. #6). 

	NSN/Nokia
	Enhancements to TTI bundling are possible at least for configurations #0 and #6 where bundling pattern does not utilize all the available UL subframes. Further study is needed to evaluate different proposals. Roughly 1dB gain should be the target level when considering changes to the specifications. Similar to FDD, careful analysis of TDD aspects should be done. There may not be enough time to finalize this during Rel-12 time frame.

	ZTE
	We also see the need for enhancement on configuration #0 and #6 as the TTI is not fully used in Rel-8 TDD TTI bundling. The enhancement should be for both VoIP and data for the 2 configurations. We agree there would be a criteria for decide if we can finally agreed to introduce the enhancement, as we did not well go through the topic during the SI phase.


Table IX: Views on coverage enhancement for Configurations #2, #3, #4, #5
	Company
	Comments (e.g., whether it is necessary [if so, preferred schemes from above summary], performance benefit, standardization impacts and network impacts)

	CATT
	Support TTI bundling at least for config#3, bundling size is 3 with 30ms RTT

	Samsung
	To extend TTI bundling to configuration #2, #3 and #4 with the bundling scheme:{bundling size equal to 2/3/2 respectively, two HARQ processes, 20ms RTT}

	Huawei
	Configuration #3 can be considered for coverage enhancement in Rel-12 if time allows. 2 TTI bundling size with 20ms RTT is preferred.
From use case point of view, configuration #2 may relative higher priority than other configurations. Further study for configuration #2 is needed in Rel-12.

FFS for configuration #4 and #5 with lower priority in Rel-12.

	Ericsson
	No performance benefits can be expected for configuration #2, #3, #4 and #5, hence no need to extend TTI bundling to these configurations.

	ALU/ASB
	If the VoIP delay budget for TDD is relaxed to 51 ms, no or little coverage gain is expected from any of the enhancements.

	Intel
	No coverage improvement is expected for these UL-DL configurations.

	NEC
	1, Considering real network deployment, configuration #2 should be given high priority. And a common solution for all the configurations is preferred.

2, Increasing the bundling size is a straightforward and efficient way to improve the coverage.

3, Using UpPTS for TTI bundling could increase the bundling size and improve the coverage. 

	Coolpad
	Performance gain is expected for configuration #2, #3 and #4, detailed design could be decided based on performance. 

	NSN/Nokia
	Enhancements to TTI bundling are possible at least for configurations #3 where bundling pattern does not utilize all the available UL subframes. Further study is needed to evaluate different proposals. Roughly 1dB gain should be the target level when considering changes to the specifications. Similar to FDD, careful analysis of TDD aspects should be done. There may not be enough time to finalize this during Rel-12 time frame.

	ZTE
	We think there is need for enhancement on configuration #3, #4 and #5, at least for Data. The rationale is that those 3 configurations do not reach the optimal Turbo code length in case we allocate moderate TB size in UL for UE. There actually not much space for enhancement to the 3 configurations on VoIP. Since there is very limited number of UL subframes. We suggest discussing the issue if the enhancement should be only on Data, instead of VoIP.


Observation: 

· Regarding further enhancements / extension of TTI bundling for TDD
· No or limited performance benefit is expected for configuration #1
· No consensus is reached for the other configurations
· Companies are more interested in configuration #0, #3 and #6 than #2, #4 and #5
Proposal:

· Regarding further enhancements / extension of TTI bundling for TDD
· It is not considered for configuration #1
· It is FFS for the other configurations
· Configuration #0, #3 and #6 can be given the higher priority in the further study
4      Summary

TTI bundling enhancements for UL VoIP for FDD:
Observation: 

· Regarding TTI bundling enhancements for UL VoIP for FDD, majority companies prefer to Alt 1.
Proposal:

· Reduction of RTT to 12ms is supported in enhanced TTI bundling for UL VoIP for FDD in Rel-12.
TTI bundling for medium data rate PUSCH for FDD and how to enable/disable enhanced TTI bundling:

Observation: 

· Regarding further enhancements of TTI bundling for medium data rate PUSCH for FDD on top of previous agreement (removing the resource allocation limitation), 
· Majority companies think same pattern as enhanced TTI bundling for UL VoIP should be considered.
· Regarding how to enable/disable enhanced TTI bundling for medium data rate and VoIP, 

· Majority companies prefer to Alt2, i.e., one new parameter covering both cases.

Proposal:

· Same transmission pattern is used for enhanced TTI bundling for UL VoIP and medium data rate PUSCH in Rel-12 
· One Rel-12 new parameter is used for covering enhanced TTI bundling for both UL VoIP and medium data rate PUSCH.
Further enhancements / extension of TTI bundling for TDD:

Observation: 

· Regarding further enhancements / extension of TTI bundling for TDD
· No or limited performance benefit is expected for configuration #1
· No consensus is reached for the other configurations
· Companies are more interested in configuration #0, #3 and #6 than #2, #4 and #5
Proposal:

· Regarding further enhancements / extension of TTI bundling for TDD
· It is not considered for configuration #1
· It is FFS for the other configurations
· Configuration #0, #3 and #6 can be given the higher priority in the further study
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Appendix
<The detailed results on TDD enhancement can be provided here>

NEC- Detailed solution for coverage enhancement for Configuration #2, #3, #4 and 5

Fig.1 shows TD-SCDMA and TDD Configuration #2 co-existence scenario. We could change the special subframe configuration #5 (3:9:2) to a new configuration (3:4:7), so UpPTS is extended to 7 symbols. This extension is only an example. Actually it is possible to allocate less than 7 symbols and leave more symbols for GP. By enabling UpPTS for PUSCH transmission, TTI bundling could be carried out for Configuration #2 as it is shown in Fig. 2. Table 1 gives the evaluation results. From the result, we can conclude that the gain is enough to extend the coverage enhancement for Configurations #2, #3, #4 and #5.
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Figure 1, TD-SCDMA and TDD configuration 2 co-existence (UpPTS includes 7 symbols)
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Figure 2, TTI bundling for Configuration #2 (HARQ processes are differentiated by the colors of the bundles and the numbering of the UL data refers to the VoIP packets)

Table 1, Evaluation results of proposed TTI bundling scheme

	UL-DL configuration
	Gain over no TTI bundling (UpPTS=4 symbols)
	Gain over no TTI bundling (UpPTS=7 symbols)

	2
	1.2 dB
	1.8 dB

	3
	0.9 dB
	1.1 dB

	4
	0.6 dB
	0.9 dB

	5
	1.6 dB
	2.0 dB


CATT – detailed solution and simulations results.
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Fig 1: TTI bundling enhancement for TDD UL-DL configuration 0
Simulation results:
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Config#0 r8 TTI bundling, retrains num=1: total 8 subframes transmissions in 50ms

Config#0 TTI bundling, retrains num =1: as shown in figure 1

Fig. 2: comparison of Rel-8 TTI bundling and enhanced TTI bundling in config #6
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Fig 3: TTI bundling enhancement for TDD UL-DL configuration 3
Simulation results:
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Config#3, normal HARQ: total 5 subframes transmission in 50ms.

Config#3 TTI bundling, retrans num=1: as shown in figure 3

Fig. 4: comparison of TTI bundling and non-TTI bundling in config #3
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Fig. 5: TTI bundling enhancement for TDD UL-DL configuration 6
Simulation results:
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Config#6 r8 TTI bundling, retrains num=1: total 8 subframes transmissions in 50ms

Config#6 TTI bundling, retrains num =1: as shown in figure 5

Fig. 6: comparison of Rel-8 TTI bundling and enhanced TTI bundling in config #6
CMCC –simulation results

Question 2.1 TTI bundling enhancements for UL VoIP

Alt 1: 4 TTI bundling with  5 transmissions, RTT is 12ms (case 5 in the figure, also shown in R1-122719)

[image: image9.emf]Radio frame #n Radio frame #n+1 Radio frame #n+2 Radio frame #n+3 Radio frame #n+4 Radio frame #n+5 Radio frame #n+6 Radio frame #n+7

Packet

#1

Packet

#2

Packet

#3


[image: image17.wmf]-16

-14

-12

-10

0

10

20

30

40

50

60

TP(kbps)

SNR(dB)

 4TTI 16RTT Max4(case0)

 10TTI 30RTT Max2(case3)

 4TTI 12RTT Max5(case5)

 5TTI 15RTT Max4(case6)

[image: image18.wmf]-17

-16

-15

-14

-13

-12

-11

-10

-9

0.01

0.1

1

r_BLER

SNR(dB)

 4TTI 16RTT Max4(case0)

 10TTI 30RTT Max2(case3)

 4TTI 12RTT Max5(case5)

 5TTI 15RTT Max4(case6)

Figure 6. scheme 5: 4TTI bundling with  5 transmissions, RTT time is 12ms

(a) r-BLER comparisons for schemes 
         (b) throughput comparisons for schemes
Figure 8.VoIP link level performance curves for Rel.8 TTI bundling and other potential schemes (case 5)
Question 2.3.1 Potential solutions for further enhancement for Configurations #0, #1, #6 (also shown in R1-134572)

· Potential enhancement scheme for configuration 0
For configuration 0, two potential schemes are considered to obtain the fully usage of UL TTIs.
· Scheme a (conf.0): TTI bundling size is 3, RTT time is 15ms, maximum transmission is 4, shown in Figure 3.
· Scheme b (conf.0): TTI bundling size is 6, RTT time is 30ms, maximum transmission is 2, shown in Figure 4.
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Figure 3.  Scheme a (conf.0): 3TTI bundling with 4 transmissions, RTT time is 15ms
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Figure 4. Scheme b (conf.0): 6TTI bundling with 2 transmissions, RTT time is 30ms
· Potential enhancement scheme for configuration 6
Similar to configuration 0, using more TTIs in the bundling window size would result in more uplink subframe utilization.
·  Scheme c (conf.6): TTI bundling size is 5, RTT time is 30ms, the maximum transmission is 2, shown in Figure 5.
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Figure 5. 5TTI bundling with 2 transmissions, RTT time is 30ms
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Figure 6. r-BLER performance comparison for configuration 0
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Figure 7. r-BLER performance comparison for configuration 6
Question 2.3.1: Potential solutions for coverage enhancement for Configurations #2, #3, #4, #5 (also shown in R1-134575)

Configuration 3
Figure 1 shows VoIP transmission scheme with 3 TTI bundling, 2 transmissions and 30ms RTT time for configuration 3. There are 6 TTIs can be used for UL VoIP transmission in 50ms latency requirement.
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Figure 1. 3TTI bundling with 2 transmissions, RTT time is 30ms (configuration 3)
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Figure 2. r-BLER performance for 3TTI bundling and traditional HARQ
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