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Discussion and Decision
1      Introduction
The WI on LTE coverage enhancements [1] was approved at RAN#60 with following additional agreements [2]
· Email discussion to start after RAN1#74 to see if consensus can be reached on down-selection of the enhancements to consider

· Online discussion from RAN1#74bis
To effectively down-select the candidate schemes, companies were invited to provide their views and preference for the candidate solutions through email before RAN1 #74bis. This contribution summarizes the results of email discussion. 
2      Scope of WI and candidate solutions
2.1     Scope of WI
Taking into account the study documented in TR 36.824 [3], the follow-up WI shall focus on the following areas [1]:

· Specify necessary TTI bundling enhancements to improve coverage for medium data rate PUSCH, potentially including at least the following aspect:
· Allocating more than 3 PRBs per subframe in conjunction with TTI bundling
· Identify and specify necessary TTI bundling enhancements to improve coverage for uplink VoIP, potentially including at least one of the following aspects:
· HARQ timing

· Number of TTIs bundled, including fixed or flexible bundle size
· Time interleaving of bundled TTIs

· PUCCH format 3 structure type uplink transmission mode
· Determine whether TTI bundling should be extended to more TDD UL-DL configurations
· Specify the necessary L2 protocols to support the identified coverage enhancements
· Specify applicable UE and eNB core requirements

2.2     Candidate Solutions
A number of solutions have been investigated during coverage enhancement SI, which are summarized in Table I below.

Table I: Candidate solutions

	WI scope (RAN1 related) 
	Candidate Solutions 

	Medium data rate PUSCH: more than 3 PRBs 
	· Allocating more than 3 PRBs per subframe in conjunction with TTI bundling [4,6] 

	UL VoIP 
	HARQ timing 
	· Reduction of RTT to 12ms or less [5,12] 

	
	Number of TTIs bundled (fixed/flexible) 
	· Increase of bundling size to 20 TTIs [6,7] 

· Increase of bundling size to 10 TTIs [6,7] 

· Increase of bundling size to 8 TTIs (together with change of SPS interval to 24 ms) [9,10] 

· Increase of bundling size to 5 TTIs [13] 

· Use of flexible bundling size [8 4 4 4] TTIs [5,8] 

	
	Time interleaved 
	· TTI bundling size of 20 TTIs with time interleaved [7,12] 

	
	PUCCH format3 structure 
	· PUCCH format3 structure [9,11] 

	Whether extension in TDD 
	· Extension to other TDD configurations, e.g., 2,3,4 [13] 


3      Discussion

3.1     Coverage enhancements for medium data rate PUSCH
Further coverage enhancements can be fulfilled by allocating more than 3 PRBs per subframe in conjunction with TTI bundling.
Table II: Views on medium data rate PUSCH

	Company
	Comments (e.g., performance benefit, standardization impacts and network impacts)

	ZTE
	Gain by removing the PRB allocation restriction could be obtained. Standard should allow allocating more than 3 PRBs per subframe. Standard impact is low, and only limited to L1. Different handling between legacy and advanced UEs should be implemented in the eNodeB.

	Huawei
	This feature is very useful for coverage enhancement for medium data rate. We slightly prefer to remove the restriction of 3 PRB if there is no major UE complexity issue and give full flexibility for eNB scheduling. Additional high layer signaling is needed to handling legacy UE and UE which support this feature. 

	ALU/ASB
	The gain achieved by allowing more than 3 PRBs per subframe is on the order of 1 dB as summarized in TR36.824. The standardization impact is low. The eNB would need to differentiate the new UEs from the legacy UEs, and schedule them accordingly.

	NSN/Nokia
	Our studies show that allowing TTI bundling for allocations larger than 3PRB can increase the performance about 1dB for 384kbit/s. New signalling or new interpretation of existing signalling needs to be specified. TR mentions that support for higher order modulation and new hopping schemes could be considered but we think that those are not needed. In our studies we have also found that rate matching for bundling does not work well in current specification for MCS values of interest, because the number of punctured systematic bits becomes large.

	LGE
	Removing 3 PRB allocation restriction for TTI bundling seems reasonable to reduce specification impact. 

	Intel
	Relaxing the 3 PRB constraints for TTI bundling operation is reasonable approach to improve coverage for medium data rate in TTI bundling mode and provide additional scheduling flexibility.

	Ericsson
	Extending TTI bundling to more than 3 PRBs is beneficial to improve the coverage of medium date rate PUSCH. The potential standardization impact of removing or relaxing such resource allocation restriction is expected to be limited in RAN1. The eNB scheduler should support separate PRB allocation for legacy UEs and advanced UEs when TTI bundling is enabled.

	China Telecom
	· Can obtain performance benefit by allocating more than 3 PRBs per subframe

· Standardization impacts may include:

· Higher layer configuration
· Removal or relax of the PRB allocation restriction

	CHTTL
	The performance gain of this feature is in the order of 1dB (TR 36.824). The standard impact is low. The network can benefit from the increased flexibility of resource allocations. Additional signalling is required to handle legacy UE and UE that supports this feature.

	Coolpad
	Gain is observed to remove the PRB allocation constrains according to the SI TR (36.824) and limited standard impact is predicted. The rel-12 eNB should be able to separate and support both the legacy and the advanced UE with relaxed PRB scheduling. 

	Samsung
	Gains in coverage of medium data rate PUSCH can be obtained by relaxing the restriction for TTI bundling to more than 3 PRBs. The specification impact of this method is marginal, and the eNB has more flexibility to handle the transmission of medium data rate PUSCH.

	QC
	There is some gain for removing/relaxing the PRB constraints for the bundled transmission at medium data rate. The specification and implementation impacts are small. 


3.2     Coverage enhancements for UL VoIP
1.1.1    Reduction of RTT to 12ms or less
For example, the solution to reduce the round-trip time of the HARQ processes to 12 ms is shown in Figure 1.
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Figure 1: TTI bundling with 12 ms HARQ RTT
Table III: Views on reduction of RTT to 12ms or less
	Company
	Comments (e.g., performance benefit, standardization impacts and network impacts)

	ZTE
	Compared with Rel-8 TTI bundling (Maximum 4 HARQ transmissions within 52ms), significant gain was observed. New number of HARQ process should be defined for standardization. The option will impact HARQ timing. Scheduler implementation needs to handle multiple different RTTs for different users.

	Huawei
	The performance seems a little bit better due to time diversity. New number of HARQ process and new HARQ timing needs to be introduced in RAN1 specification. It is not needed to introduce a new TTI bundling size. Configuration signaling is needed in RAN2 at least. eNB scheduler need to have a mechanism to handling the possible resource collision between legacy HARQ and new introduced TTI bundling.

	ALU/ASB
	Performance: good coverage gain
Spec impact: new HARQ timing and a different number of HARQ processes would need to be defined.

Network impact: Different RTTs for new UEs and legacy UEs can cause conflict in retransmissions. The scheduler would need to resolve the conflict. If UL grant is used to resolve the collision for retransmissions, it results in additional control overhead. If separate RBs are allocated to UEs with different RTTs, it would cause resource segmentation and inefficient resource utilization.

	NSN/Nokia
	We have a similar view as ALU: performance compared to other schemes is good. Standard impact is that new number of HARQ processes and new number of retransmissions needs to be specified. 12ms RTT is problematic when other users with 8ms RTT are scheduled in between VoIP transmissions.

	LGE
	With modifying only RTT, the performance gain seems good due to the larger number of accumulated TTIs than that of legacy UEs, but the new HARQ timing is required and eNB scheduler complexity to handle the possible collision between legacy UEs and the new RTT will be increased.   

	Intel
	Improved performance due to increased time and frequency diversity as well as energy accumulation. Can reuse the same bundling size but requires update to HARQ timing operation. May be considered as default if TTI bundling is applied to Rel.12 UEs. Reduced number of HARQ processes can be used.

	Ericsson
	Reducing the RTT to 12ms provides better performance compared to Rel-8 TTI bundling scheme given the latency budget of 52ms. The standardization impact to RAN1 includes new HARQ timing and new number of HARQ processes. New configuration signaling support would be needed from RAN2. This solution will however have an impact on scheduler which needs to handle multiple different RTTs for different users. 

	China Telecom
	· Can obtain performance benefit by reduction of RTT

· Standardization impacts may include:

· Higher layer configuration 
· Change of HARQ RTT

· Change of HARQ processes
· Change of HARQ timing
· Scheduler needs to handle potentially increased transmission collision due to newly introduced RTT, and additional control signalling may be needed as well



	CHTTL
	Compared with Rel-8 TTI bundling, reduction of RTT to 12ms can have more energy accumulation and provide better performance. But this scheme is not compatible with legacy HARQ timing. The eNB scheduler has to handle the possible resource collisions between new and old HARQ timing.

	Coolpad
	Accumulated energy gain is observed by reducing RTT to 12ms. However the eNB is required to support UE with different RTTs and related specification work is needed to avoid the collision.  

	 Samsung
	The expected gain (about 1dB) in coverage of VoIP can be achieved through this method. The impact on specification includes new RTT and new HARQ number. The collision between UEs working in different RTTs will arise, which will impose more resource allocation restriction on eNB scheduler.

	CATT
	Reduced round trip time can bring benefits for more energy accumulation for VoIP within given delay budget. The solution could allow maximum 20 TTI transmission for a voice packet within 52ms. The performance of this solution is good compared to other solutions.  Specification impact is expected including introducing new HARQ timing and number of HARQ processes. This solution may increase the complexity of the scheduler since the scheduler needs to handle different RTTs for different users. However, this problem also exists in most of the other candidate solutions.

	CMCC
	The performance seems good, and no need to introduce a new TTI bundling size. New HARQ timing and process number need to be specified.

	Panasonic
	This could increase the transmission/retransmission times within 50ms order of the delay so that coverage performance could be improved. Compared with increasing bundling size, our thinking is increasing (re)transmission times is better as it can realize better time diversity.

	QC
	With RTT=12 ms, the total transmissions within 52 ms increases from 4 bundles to 5 bundles with good time diversity. This results in roughly 1 dB gain in coverage. The impacts on the specification as well as implementation are small.  


1.1.2    Increase of bundling size to 20 TTIs
The solution to increase the bundling size to 20TTIs is shown in Figure 2.
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Figure 2: TTI bundling with bundling size 20TTIs
Table IV: Views on increase of bundling size to 20 TTIs
	Company
	Comments (e.g., performance benefit, standardization impacts and network impacts)

	ZTE
	No or little gain could be obtained due to the limitation of time span or diversity, compared with Rel-8 TTI bundling (Maximum 4 HARQ transmissions within 52ms). The option will also impact the bundling definition and scheduler implementation. 

	Huawei
	The performance seems not very good due to lack of time diversity. From eNB scheduler point of view, this scheme seems lowest flexibility among these schemes. New number of HARQ process and new TTI bundling size needs to be introduced in RAN1 specification. Configuration signaling is needed in RAN2 at least. eNB scheduler need to have a mechanism to handling the possible resource collision between legacy HARQ and new introduced TTI bundling.

	ALU/ASB
	Performance: little coverage gain expected with little time diversity, and inefficient resource utilization due to large bundling size because one VoIP packet is always transmitted using 20 subframes
Spec impact: a new bundling scheme would need to be defined, including new bundling size and a different number of HARQ processes (no HARQ).
Network impact: the scheduler would need to handle the coexistence of the legacy and new bundling scheme.

	NSN/Nokia
	Time diversity is compromised. Our studies show that this significantly reduces performance. No possibility to frequency diversity by adaptive retransmission. UE cannot benefit from varying channel conditions but it has to use 20 TTIs for every VoIP packet. Scheduling legacy UEs between VoIP transmissions is problematic.

	LGE
	Performance gain is little due to lack of time diversity, and eNB scheduler complexity will be increased to handle the possible collision between legacy HARQ process and the new TTI bundling.

	Intel
	Due to continuous allocation the time diversity is not fully utilized => lower performance gains. New HARQ timing operation, new TTI bundling size and higher layer signalling. eNodeB scheduling should take into account potential resource collision with legacy terminals.

	Ericsson
	This solution has limited gain due the loss in time diversity. Besides, the resource consumption will increase since all the 20 TTIs are always used ever in the case this is not needed. For the extreme cell edge, the extra loss may be ok, but it reduces the SINR range for when the system would like to use it. Since RRC configuration is needed it may result in the feature not being configured until the UE losses coverage or to larger resource waste. New bundling size and new number of HARQ processes needs to be defined in RAN1. New configuration signalling is needed in RAN2. The eNB scheduler needs to handle different bundling sizes and it will be tricky to enable such a feature without resource waste.

	China Telecom
	· Obtain reduced performance benefit due to reduced time diversity effect
· Standardization impacts may include:

· Higher layer configuration 
· Change of bundling size

· Change of HARQ RTT

· Change of HARQ processes
· Change of HARQ timing

· Scheduler needs to handle the transmission with newly introduced RTT

· Potential resource waste is caused by utilization of larger bundling size



	CHTTL
	Limited gain is expected due to lack of time diversity. Resource utilization is inefficient since 20 TTIs are not always needed for every VoIP packet. Standard impacts include new bundling size and HARQ timing.

	Coolpad
	The 20 TTI bundling is not efficient especially when limited gain is observed due to lack of time diversity. To support this feature new HARQ timing is required and the resource collision between legacy UE and advanced UE should be avoided. The new bundling size should be supported in high layer. 

	Samsung
	Although more TTIs can be accumulated comparing with that in the TTI bundling scheme of Rel.8, gain in coverage may not be a certainty as the drawback in time diversity of this method. The fixed 20 TTIs bundling size will restrict the flexibility of resource allocation and lead to resource waste. New RTT, new bundling size and new HARQ number have to be defined; collision between UEs working in different RTTs will arise.

	CATT
	The performance of 20 TTIs bundling is the worst among all the options due to lack of time diversity gain.

	CMCC
	Performance gain is limited due to lack of time diversity and the flexibility of scheduler is lower than the other schemes.


1.1.3    Increase of bundling size to 10 TTIs
The solution to increase the bundling size to 10TTIs is shown in Figure 3.
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Figure 3: TTI bundling with bundling size 10TTIs
Table V: Views on increase of bundling size to 10 TTIs
	Company
	Comments (e.g., performance benefit, standardization impacts and network impacts)

	ZTE
	No or little gain could be obtained due to the limitation of time span or diversity, compared with Rel-8 TTI bundling (Maximum 4 HARQ transmissions within 52ms). The option will also impact the bundling definition and HARQ timing. Scheduler implementation needs to handle multiple different RTTs for different users, and need to consider resource utilization for users with different bundling sizes.

	Huawei
	This scheme seems have better than bundling size to 20 TTIs. New number of HARQ process, new TTI bundling size and new HARQ timing needs to be introduced in RAN1 specification. Configuration signaling is needed in RAN2 at least. eNB scheduler need to have a mechanism to handling the possible resource collision between legacy HARQ and new introduced TTI bundling.

	ALU/ASB
	Performance: small coverage gain expected with limited time diversity

Spec impact: a new bundling scheme would need to be defined, including new bundling size, new HARQ timing, and a different number of HARQ processes.
Network impact: Different bundling schemes for new UEs and legacy UEs can cause conflict in (re)transmissions. The scheduler would need to resolve the conflict. If UL grant is used to resolve the collision for retransmissions, it results in additional control overhead. If separate RBs are allocated to UEs with different RTTs, it would cause resource segmentation and inefficient resource utilization.

	NSN/Nokia
	A slightly improved version of 3.2.2 in order to include an optional retransmission. Performance is not optimal because of limited time and frequency diversity. Scheduling legacy UEs between VoIP transmissions is problematic.

	LGE
	New HARQ timing and new bundling size are required but performance gain is little. 

	Intel
	Link budget performance is better comparing to 20TTIs and worse comparing to 12 RTT design options. Reduced number of HARQ processes can be used (e.g. 2 HARQ processes). New HARQ timing and configuration signalling is needed. Scheduling of legacy UEs may be complicated

	Ericsson
	This solution has slightly better performance with the solution in 3.2.2 but there is still resource consumption problem. New TTI bundling size, HARQ timing and number of HARQ processes need to be defined in RAN1. New configuration signalling is needed in RAN2. The eNB scheduler needs to handle different bundling sizes and it is difficult to enable such a feature without resource waste.

	China Telecom
	· May obtain reduced performance benefit due to reduced time diversity effect
· Standardization impacts may include:

· Higher layer configuration 
· Change of bundling size

· Change of HARQ RTT

· Change of HARQ processes
· Change of HARQ timing

· Scheduler needs to handle potentially increased transmission collision due to newly introduced RTT, and additional control signalling may be needed as well

	CHTTL
	An improved version of 3.2.2 with an optional retransmission. Standard impacts include new bundling size and HARQ timing.

	Coolpad
	Better resource utilization compare with 20 TTI bundling. The specification work is on new bundling size configuration, new HARQ timing to avoid the collision between legacy and advanced UE.

	Samsung
	20 TTIs can be accumulated, however the expected gain (about 1dB) in coverage may not be obtained as the time diversity loss comparing with that in Rel.8 TTI bundling scheme. New RTT, new bundling size and new HARQ number have to be defined. Possible collision between UEs working in different RTTs has to be handled.

	CATT
	Bundling size of 10 TTIs is better than bundling size of 20 TTIs. There is impact on RAN1 specification, new HARQ timing is required.


1.1.4    Increase of bundling size to 8 TTIs (together with change of SPS interval to 24 ms)
The solution to increase the bundling size to 8TTIs is shown in Figure 4, together with change of SPS interval to 24ms.
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Figure 4: TTI bundling with bundling size 8TTIs
Table VI: Views on increase of bundling size to 8 TTIs (with change of SPS interval to 24ms)
	Company
	Comments (e.g., performance benefit, standardization impacts and network impacts)

	ZTE
	Significant gain is shown. Allowing maximum 24 TTIs for one VoIP packet, it does not match with VoIP packet arriving period of 20 TTIs. This will introduce higher layer change. One additional bundle size and new number of HARQ process should be defined for standardization. The option will also impact the bundling definition, HARQ timing. Scheduler implementation needs to handle multiple different RTTs for different users. 

	Huawei
	We are not sure whether it is feasible or not to change the SPS interval to 24ms if the VOIP packet inter-arrival time of 20ms is not changed. It may have major impact on high layer design. 

	ALU/ASB
	Performance: good coverage gain. However, changing SPS interval to 24 ms (longer than VoIP packet arrival interval of 20 ms) would cause queue build-up during the active talk spurt and impact the voice quality. An alternative approach would be to keep using the SPS interval of 20 ms.
Spec impact: a new bundling scheme would need to be defined, including new bundling size, new HARQ timing, and a different number of HARQ processes. (RTT can be kept the same.)

Network impact: the scheduler would need to handle new UEs, but the same RTT and compatible bundling sizes allow better coexistence of new UEs and legacy UEs with less conflict.

	NSN/Nokia
	There is risk that all the retransmissions are needed for several consecutive VoIP packets and packets start to accumulate to UE Tx buffer. Then some packets need to be dropped. We have studied this issue in R1-121299 and found that for stationary UEs this is a problem.

	LGE
	Significant performance gain can be obtained because the accumulated TTIs are the largest among the candidate solutions. Changing 24ms SPS will lead to higher layer modification because 24 ms SPS does not match with VoIP arrival period of 20ms. Network impact is little due to the same RTT with legacy UEs.

	Intel
	The option does not fit the 20ms packet inter-arrival time. In addition, 24 TTIs may not always be allocated to extract coverage performance gain and thus some of the VoIP packet transmissions can take 16 TTIs only and other 24 TTIs.

	Ericsson
	This solution provides good gains due to larger energy accumulation given the latency budget of 52ms, but there is still resource consumption problem. New TTI bundling size, HARQ timing and number of HARQ processes need to be defined in RAN1. New configuration signalling is needed in RAN2. The eNB scheduler needs to handle different bundling sizes and it is difficult to enable such a feature without resource waste.  

	China Telecom
	· Can obtain performance benefit 
· Standardization impacts may include:

· Higher layer change of SPS transmission interval

· Higher layer configuration 
· Change of bundling size
· Change of HARQ processes
· Change of HARQ timing
· The change of SPS transmission interval will lead more high layer standardization work

· Scheduler needs to handle the transmission with newly introduced bundling size and HARQ timing, but the unchanged RTT may allow better coexistence with legacy UEs



	CHTTL
	The change of SPS interval to 24ms does not match the VoIP packet arriving interval of 20ms. New bundling size, HARQ timing, and number of HARQ processes should be specified.

	Coolpad
	Accumulated energy gain is observed. It should be noted that the updated SPS interval (24ms) does not match the VoIP packet arrival interval. The specification work is on new bundling size configuration, new HARQ timing and process.

	Samsung
	Greater gain can be obtained as more than 20 TTIs can be accumulated for one VoIP packet. However the 24ms SPS interval is longer than the VoIP packet generation interval, new generated packet may not be scheduled on time which will cause packet accumulation in UE buffer, and the QoS of VoIP may not be ensured.

	CATT
	Increase of bundling size to 8 TTIs together with change of SPS interval to 24ms could allow maximum 24 TTI transmission for a voice packet within given delay budget. However, given that the voice packets arrive every 20ms, some voice packets can only use 16 TTIs instead of 24 TTIs.


1.1.5    Increase of bundling size to 5 TTIs
The solution keeps the number of retransmission to 4 and changes the RTT to 15ms, as shown in Figure 5.
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Figure 5: 5TTI bundling with 4 transmissions, RTT time is 15ms
Table VII: Views on increase of bundling size to 5 TTIs
	Company
	Comments (e.g., performance benefit, standardization impacts and network impacts)

	ZTE
	Significant gain could be obtained compared with Rel-8 TTI bundling (Maximum 4 HARQ transmissions within 52ms). The maximum allowed delay is 50ms and well fit the requirement of L1 latency. One additional bundle size and new number of HARQ process should be defined for standardization. The option will also impact the bundling definition, HARQ timing. Scheduler implementation needs to handle multiple different RTTs for different users, and need to consider resource utilization for users with different bundling sizes.

	Huawei
	The performance seems good. New number of HARQ process and new HARQ timing needs to be introduced in RAN1 specification. A new TTI bundling size is needed. Configuration signaling is needed in RAN2 at least. eNB scheduler need to have a mechanism to handling the possible resource collision between legacy HARQ and new introduced TTI bundling.

	ALU/ASB
	Performance: good coverage gain expected

Spec impact: a new bundling scheme would need to be defined, including new bundling size, new HARQ timing, and a different number of HARQ processes.

Network impact: Different bundling schemes for new UEs and legacy UEs can cause conflict in (re)transmissions. The scheduler would need to resolve the conflict. If UL grant is used to resolve the collision for retransmissions, it results in additional control overhead. If separate RBs are allocated to UEs with different RTTs, it would cause resource segmentation and inefficient resource utilization.

	NSN/Nokia
	Performance is good but specification impact is large because of new bundling size and HARQ timing. Also scheduling legacy UEs between VoIP transmissions is problematic.

	LGE
	New HARQ timing and new bundling size are required, and performance gain seems good.

	Intel
	Performance-wise this option seems to be good. However may require increased amount of standardization efforts in terms of bundling operation HARQ operation, which is not aligned with the existing legacy operation.

	Ericsson
	This solution provides good gains compared to Rel-8 TTI bundling. New bundling size, HARQ timing and number of HARQ processes are needed in RAN1. New configuration signalling is needed in RAN2. The eNB scheduler should handle different bundling size and HARQ timing. The resource utilization may become a problem when users with different bundling sizes are scheduled.

	China Telecom
	· Can obtain performance benefit 
· Standardization impacts may include:

· Higher layer configuration 
· Change of bundling size
· Change of HARQ RTT
· Change of HARQ processes
· Change of HARQ timing
· Scheduler needs to handle potentially increased transmission collision due to newly introduced RTT, and additional control signalling may be needed as well



	CHTTL
	Good performance is expected. But the scheme is required to specify new bundling size and HARQ timing. The eNB scheduler needs to handle different RTTs for different users.

	Coolpad
	The performance gain is observed. The specification work is on new bundling size configuration, new HARQ timing and process.

	Samsung
	The expected gain (about 1dB) in coverage comparing with Rel.8 TTI bundling scheme may be obtained. New RTT, new bundling size and new HARQ number have to be defined. Possible collision between UEs working in different RTTs has to be handled.

	CATT
	Performance is better among other bundling sizes, impacts on RAN1 specification, new HARQ timing and new HARQ process number.

	CMCC
	Performance is good. New TTI bundling size, new HARQ timing and new number of HARQ progress need to be specified.


1.1.6    Use of flexible bundling size
The solution of flexible bundling size for a subset of the transmissions, e.g., [8 4 4 4], is shown in Figure 6.
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Figure 6: Flexible bundling size
Table VIII: Views on use of flexible bundling size
	Company
	Comments (e.g., performance benefit, standardization impacts and network impacts)

	ZTE
	Significant gain could be obtained compared with Rel-8 TTI bundling (Maximum 4 HARQ transmissions within 52ms). Enhanced bundling scheme should be introduced. Flexible bundle sizes and new number of HARQ process should be defined for standardization. Scheduler implementation needs to handle multiple different RTTs for different users, and need to consider resource utilization for users with different bundling sizes.

	Huawei
	The performance seems good. New number of HARQ process and new HARQ timing needs to be introduced in RAN1 specification. A new downlink signaling possibly need to be introduced to indicate the bundling size. Configuration signaling is needed in RAN2 at least. eNB scheduler need to have a mechanism to handling the possible resource collision between legacy HARQ and new introduced TTI bundling. How to choose the bundling size is needed for eNB implementation as well.

	ALU/ASB
	Performance: good coverage gain expected. If 20 ms (VoIP packet arrival interval) is not a multiple of the bundling size, it could incur inefficiency when SPS is used.
Spec impact: a new bundling scheme would need to be defined, including the flexible bundling size, the corresponding HARQ timing, and a different number of HARQ processes. It is more complicated compared to other options. Exact details of this approach (e.g. whether it is a fixed combination with varying bundling sizes for retransmissions, or it is semi-statically configured by higher-layer signalling, or it is more dynamic) need to be discussed in order to fully understand the specification impact.
Network impact: the scheduler would need to handle the flexible bundle size for new UEs, and resolve the possible conflict between new UEs and legacy UEs.

	NSN/Nokia
	Performance compared to other schemes is good.

We think that the subframe allocation depicted in the figure 6 above can be implemented with the fixed 4TTI bundling size and just “borrowing” resources from another HARQ process if needed. That would mean that the same TB is transmitted on the resources of two HARQ processes. Resource borrowing could be signalled dynamically e.g. by using RV field of MCS. This would keep the standard impact low. 

Scheduling legacy UEs between VoIP transmissions would be as simple as in Rel-8 except for the situation when “borrowing” of resources takes place.

	LGE
	Significant performance gain can be obtained. Network impact for flexible bundling is little due to the same RTT with legacy UEs.

	Intel
	The performance is somewhat similar to the option with reduced RTT (12ms). Higher standardization and implementation complexity is expected. Many options exist for how to signal the bundle size. Scheme is likely to have a resource consumption increase from lower HARQ granularity comparing to the option with reduced RTT.

	Ericsson
	This solution provides good gains compared to Rel-8 TTI bundling given the latency budget of 52ms. New bundling size, HARQ timing and number of HARQ processes are needed in RAN1. In addition, signalling to support triggering of flexible bundling size needs to be defined. New configuration signalling is needed in RAN2. The eNB should handle different bundling size and HARQ timing. 

	China Telecom
	· Can obtain performance benefit 
· Standardization impacts may include:

· Higher layer configuration 
· Change of bundling size

· Change of HARQ processes
· Change of HARQ timing
· Scheduler needs to handle the transmission with newly introduced bundling size and HARQ timing, but the unchanged RTT may allow better coexistence with legacy UEs



	CHTTL
	The scheme can provide good performance gains. However, higher standard impact and implementation complexity are expected. The standard impacts include new bundling size, HARQ timing, and additional signalling to trigger the flexible bundling size.

	Coolpad
	Good performance gain is observed. Additional signalling on bundling size configuration is required and complicated scheme is needed to avoid resource collision among UEs with different bundling size. Besides, new HARQ timing and process are needed.

	Samsung
	The method enables the eNB to configure the TTI bundling size flexibly, and the gain of this method is desirable. However the method may depend on the indication of one short time scale signalling (e.g UL-Grant), which will introduce more impact (besides new bundling size) to specification and restrict the joint operation between SPS and TTI bundling.

	CATT
	Comparing fixed and flexible bundling sizes, the latter option will cause larger specification impact in both physical layer and MAC layer. The scheduler of flexible bundling size may be even more complicated if the scheduler needs to decide the bundling size each time. From the performance perspective, it is not expected that the flexible bundling size can provide notable performance gain compared to fixed bundling size.


1.1.7    TTI bundling size of 20 TTIs with time interleaved
The solution of use of TTI bundling size of 20TTIs with time interleaved is shown as Figure 7.
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Figure 7: Bundling size 20TTIs with time interleaved

Table IX: Views on use of TTI bundling size of 20TTIs with time interleaved
	Company
	Comments (e.g., performance benefit, standardization impacts and network impacts)

	ZTE
	Small gain could be obtained due to the limitation of time span or diversity, compared with Rel-8 TTI bundling (Maximum 4 HARQ transmissions within 52ms). 

	Huawei
	Better than bundling size to 20 TTIs w/o time interleaved. New number of HARQ process and new TTI bundling size needs to be introduced in RAN1 specification. Interleaving method need to be specified. Configuration signaling is needed in RAN2 at least. eNB scheduler need to have a mechanism to handling the possible resource collision between legacy HARQ and new introduced TTI bundling.

	ALU/ASB
	Performance: small coverage gain due to limited time diversity, and inefficient resource utilization due to large bundling size because one VoIP packet is always transmitted using 20 subframes

Spec impact: a new bundling scheme would need to be defined, including new bundling pattern, new HARQ timing, and a different number of HARQ processes.

Network impact: The new bundling pattern and timing are not compatible with the legacy TTI bundling scheme. The scheduler would need to resolve the conflict by e.g. allocating separate RBs to new UEs and legacy UEs. This would cause resource segmentation and result in some inefficiency in resource utilization.

	NSN/Nokia
	Performance is not as good as schemes with larger time diversity. No retransmission available in this case so also drawbacks of 20 TTI bundling apply. Scheduling legacy UEs between VoIP transmissions is problematic.

	LGE
	Small performance gain can be achieved. New bundling size need be defined, and eNB scheduler complexity will be increased to handle the possible collision between legacy HARQ process and the new TTI bundling.

	Intel
	The 20 TTI based solution is not flexible enough from system perspective since not all terminals will require substantial coverage improvement. Such solutions with large TTI bundling size may be more reasonable for delay tolerant traffic, where significant coverage enhancement is needed.

	Ericsson
	Slightly better performance than the solution in 3.2.2, but the resource consumption will increase since all the 20 TTIs are always used ever in the case it is not needed. New bundling size, number of HARQ processes and the interleaving pattern needs to be defined in RAN1. New configuration signalling is needed in RAN2. The eNB scheduler needs to handle different bundling sizes and it is difficult to enable such a feature without resource waste.

	China Telecom
	· Can obtain performance benefit 
· Standardization impacts may include:

· Higher layer configuration 
· Change of bundling size
· Change of HARQ RTT
· Change of HARQ processes
· Change of HARQ timing
· Scheduler needs to handle potentially increased transmission collision due to newly introduced RTT, and additional control signalling may be needed as well

· Potential resource waste is caused by utilization of larger bundling size


	CHTTL
	The performance is slightly better than the version in 3.2.3. However, it also has the problem of inefficient resource utilization. New bundling size, HARQ timing, and interleaving pattern should be defined.

	Coolpad
	Better performance gain compared with non-interleaving scheme. Similar as non-interleaving scheme, it is not flexible as large resource is always consumed. The specification work is on new bundling size configuration, new HARQ timing and process.

	Samsung
	The performance will be better than the scheme of 3.2.2 , however the coverage enhancement target of about 1dB may not achieved as the lack of time diversity. The fixed 20 TTIs bundling size will restrict the flexibility of resource allocation and lead to resource waste. New RTT, new bundling size and new HARQ number have to be defined; collision between UEs working in different RTTs will arise.

	CATT
	The time diversity gain is expected to be better than bundling size of 20 TTIs without time interleaving. But it is expected that the performance is still not good enough.


1.1.8    PUCCH format3 structure
The solution uses Release 10 PUCCH Format 3 like CDMA channelization for VoIP. 

Table X: Views on use of PUCCH format 3 structures
	Company
	Comments (e.g., performance benefit, standardization impacts and network impacts)

	ZTE
	Further evaluation need to be provided. Corresponding standardization impact and implementation complexity would be increased. New receiver algorithm and channel and interference estimation would be required in eNodB side. The corresponding requirement need to be further defined. Further consideration on cell planning of format 3 sequence need to be done.

	Huawei
	Since this scheme had not been studied in SI phase extensively, further evaluation and studied is needed. A New PUSCH format is defined. It seems new channel coding and resource mapping needs to be introduced in RAN1 specifications. Performance requirements need to be defined in RAN4. 

	ALU/ASB
	Performance: the coverage gain needs further evaluation.
Spec impact: since it is a fundamentally different scheme from existing ones, significant spec impact is expected in order to define the new scheme. More studies are needed to determine the exact scheme and understand the corresponding spec impact.
Network impact: New eNB receiver and scheduler

	NSN/Nokia
	The main motivation to use PUCCH format 3 is to improve inter-cell interference performance (especially between sectors) and not just improve pure coverage performance. PUCCH format 3 can carry 960 bits on 20 subframes so roughly 1/3 coding could be used for VoIP packet of 328 bits. Capacity of PUCCH format 3 is thus sufficient for VoIP transmission. 

	LGE
	Further evaluation is needed. Due to the new PUSCH format (like PUCCH), new RAN 4 requirements need to be defined. 

	Intel
	There is a lack of analysis showing benefits of this option. New channel coding, resource mapping and configuration signalling needs to be introduced. Can be considered only if significant benefits over simple solutions with lower standardization impact are shown.

	Ericsson
	Further evaluations are needed to identify the potential. Standardization impacts are expected to be large compared to TTI bundling solutions listed in 3.2.1-3.2.7. 

	China Telecom
	· Can obtain large performance benefit based on SI results, and further system-level simulation may be needed to further verify the performance benefit

· Standardization impacts may include:

· Higher layer configuration 
· New physical resource mapping / spreading scheme
· New eNB receiver and scheduler is needed

· Additional coordination of spreading codes between cells may be needed



	CHTTL
	Further evaluations are required to identify the performance benefits. Standard impacts are expected to be large compared with other schemes.

	Coolpad
	The potential performance gain is needed further assessment. The specification work is expected to be large including RAN4 performance requirement.

	Samsung
	From coverage enhancement perspective, PUCCH format3 structure can hardly bring additional gains comparing with PUSCH structure. Although the PUCCH format3 structure can mitigate the inter-sector interference through the created orthogonal resources, the specification and network impact foreseeable are great. So it is necessary to further evaluate if the benefit and the impact of this solution are tradable.

	CATT
	This solution was not evaluated in the study item phase thus for further study.

	Panasonic
	We agree others on the need of further study.


1.1.9    Other schemes
Companies can provide the other solutions that are not listed above and corresponding views and comments on that. 

Table XI: Views on the other schemes
	Company
	Comments (e.g., potential solutions, performance benefit, standardization impacts and network impacts)

	ZTE
	Taking into account of cross-subframes channel estimation, enhanced hopping for TTI bundling should be considered to further explore the frequency diversity of bundling mode. The current TTI bundling schemes for TDD configuration 0 and configuration 6 should also be enhanced.

	NSN/Nokia
	In 3.2.6 we propose to realize the subframe allocation of figure 6 by using fixed 4 TTI bundling size and to use another HARQ process to send extra 4TTI bundle. We are not sure if this method should be considered as variation of scheme 3.2.6 or other scheme.

	CATT
	Considering that the number of uplink subframes is different for different TDD UL-DL configurations, it is desirable that the bundling size for different TDD UL-DL configurations can be different to fully utilize the uplink resources. It is proposed that the TTI bundling size is equal to the number of uplink subframes within one radio frame.

	CMCC
	Different TTI bundling size for different TDD UL-DL configuration can be considered for optimization, including configuration 0/1/6.

	QC
	Similar to NSN/Nokia comments above, using more HARQ processes to transmit the VoIP packet can effectively increase the TTI bundle size while minimizing specification and implementation changes.  


1.1.10    Preferred schemes

Since there are many candidate solutions for VoIP enhancement, companies were invited to provide their preferred schemes (from listed above) for VoIP, if have.
Table XII: Preferred schemes for VoIP enhancement
	Company
	Preferred schemes if have, and why

	ZTE
	We prefer to consider the scheme with significant gain for UL VoIP. We can give higher priority to schemes with higher gain and low standard impact, e.g. flexible bundling size (Section 3.2.6), 12ms RTT and 4TTI (3.2.1) and 5TTI bundle (3.2.5). The scheduler complexity introduced is very low, considering network can choose to minimize the enabled bundled modes. The application scenarios is mostly in the case that network is not been sufficiently densified. No down-selection need to be done for UL coverage enhancement for medium data on PUSCH.

	Huawei
	Prefer the scheme with comparable gain, low specification impact and low network impacts. For changing the SPS interval to 24ms, we are not sure whether it is feasible or not if the VOIP packet inter-arrival time of 20ms is not changed. For PUCCH format 3, it may have more impact on the specification and implementation than other schemes. For increasing of bundling size to 20 TTIs, the performance seems not very good among these schemes. As a starting point we slightly prefer to down select from other schemes (3.2.1, 3.2.3, 3.2.5, 3.2.6, 3.2.7).

	ALU/ASB
	Considering the performance gain, we prefer narrowing down the options to 3.2.1, 3.2.4 and 3.2.6. Although 3.2.5 provides similar gain, it does not have any advantage over 3.2.1 but with slightly larger specification impact and network/UE impact due to a new bundling size.

	NSN/Nokia
	We propose to consider schemes 3.2.6, 3.2.1 and 3.2.9. Performance gain, specification impact and network/UE impact should be considered when selecting the scheme.

	LGE
	It is desirable to select solution with lower specification impact and larger performance gain. Regarding this aspects, we propose to narrow down the options to 3.2.1, 3.2.4, and 3.2.6 for further discussion. Comparing reduced RTT bundling (3.2.1) with 5TTI bundling (3.2.5), reduced RTT bundling (3.2.1) has smaller specification impact (unchanged bundling size) than 5TTI bundling. 8TTI bundling (3.2.4) has the largest number of accumulated TTIs, thus the largest performance gain can be expected. Flexible size bundling (3.2.6) has comparable performance gain with smaller specification impact.

	Intel
	For further analysis, we prefer to consider options: 3.2.1 (12ms RTT), 3.2.6 (flexible/extended bundle size) as candidates for UL VoIP coverage enhancement, Combination of configurable TTI bundling size and HARQ retransmission time can be considered as a solution.
Note: the work on coverage enhancement WI may potentially overlap with the “Low cost & coverage enhanced MTC based on LTE” WI in terms of design options. The mutual coordination may be recommended in order to avoid duplicated solutions.

	Ericsson
	Given the performance benefit, standardization impact and network impacts, we prefer to narrow down the schemes for VoIP to 3.2.1, 3.2.6 and 3.2.4.

	China Telecom
	Considering performance benefit and standardization/network impacts, the schemes “Reduction of RTT to 12ms or less” in 3.2.1 and “Use of flexible bundling size” in 3.2.6 show more advantages.

	CHTTL
	We prefer the schemes with lower specification impact and comparable gains. Hence, we propose to give higher priorities to schemes in 3.2.1(12ms RTT) and 3.2.6(flexible bundling size).

	Coolpad
	As the WI is aiming at improving the UL coverage performance, the schemes with good performance are preferred to be the starting point. Meanwhile to facilitate the deployment and specification work load, the schemes with less standard impact are preferred. We propose to start from 3.2.1 (Reduction of RTT to 12ms), 3.2.5 (5TTI bundling) and 3,2,6 (flexible bundling size).

	Samsung
	The solution 3.2.1, 3.2.5 and 3.2.6 which may achieve the 1dB coverage enhancement target and have no serious defect should be preferred for further discussion.

	CATT
	We propose to consider the schemes in sections 3.2.1, 3.2.3 and 3.2.5 for FDD, and for TDD the scheme in section 3.2.9

	CMCC
	We prefer to down select from schemes: 3.2.1, 3.2.5 and also take the scheme in section 3.2.9 for TDD into consideration.

	Panasonic
	Our first preference is 3.2.1(12ms RTT). We are also interested 3.2.6 (flexible size bundling) for the resource efficiency.

	QC
	We prefer to down select the existing schemes to: 3.2.1 and 3.2.9. Both schemes can achieve similar gains as other schemes, while having small impacts on specification and implementation.  


3.3     Extension to other TDD configurations
Companies were invited to provide the views and comments on whether TTI bundling should be extended to more TDD UL-DL configurations, and possible solutions and impacts on specifications.
Table XIII: Views on extension to other TDD configurations
	Company
	Comments (e.g., whether to extend, potential solutions, performance benefit, standardization impacts and network impacts)

	Huawei
	We can consider TTI bundling extension to other TDD configurations if time allows. 

	NEC
	We should consider extending TTI bundling to more TDD configurations, at least for configuration 2. The concrete schemes are FFS.

	LGE
	We are not sure of the necessity of TTI bundling in DL heavy configurations. If UL coverage is problematic, TTI bundling enable configuration (e.g. 0, 1 or 6) would be used. 

	Intel
	Can be considered if WI time permits. The limited performance improvements (if any) can be expected for UL-DL configurations 0, 3, and 6 using TTI bundling enhancements.

	Samsung
	The coverage of VoIP will decline a lot in the TDD configurations not supporting TTI bundling. Although there have been 3 configurations supporting TTI bundling, we think it is meaningful to extend TTI bundling to as more TDD configurations as possible. 

	CATT
	Consider TTI bundling extension to other TDD UL/DL configurations.

	CMCC
	We should consider extending TTI bundling to more TDD configurations, especially for config2. And enhance the existing TTI bundling to TDD configuration 0/1/6.

	QC
	It may be good to maintain similar design for both FDD and TDD. 


4      Summary and Conclusion
· Coverage enhancements for medium data rate PUSCH

Observation: 
· Majority companies’ view is that,
· Allocating more than 3 PRBs per subframe can increase the coverage performance for medium data rate PUSCH.
· The standardization impact is low.

Proposal:
· Allocating more than 3 PRBs per subframe is supported for TTI bundling for PUSCH in Rel-12.
· Coverage enhancements for UL VoIP
Observation:
· Majority companies prefer to schemes in (3.2.1) and (3.2.6) for FDD.
Proposal:
· Enhanced TTI bundling for UL VoIP will be selected from following Alts for FDD:

· Alt1: Reduction of RTT to 12ms or less
· Alt2: Use of flexible bundling size
· It is FFS for TDD.
· Extension to other TDD configurations
Observation:
· 4 companies think it is needed, and 2 companies think it can be considered if time allows.
Proposal:
· It is FFS whether TTI bundling should be extended to more TDD UL-DL configurations, and minimum standardization efforts are preferred if it is needed.
Appendix

Table XIV: Proposed time plan [14]
	
	RAN1 (3 meetings with 4 TUs in total) 
	RAN2 
	RAN4 

	Email discussion after RAN1 #74 
	· Down-select the candidates 
	
	

	RAN1 #74b 

(1 TU) 
	· Continue to down-select the candidates for UL VoIP

·  Conclude on PUSCH 
	
	

	RAN1 #75 

(1.5 TU) 
	· Conclude on UL VoIP 

· Send LS to RAN2 
	
	

	RAN1 #76 (1.5 TU)/ RAN2 #85 
	· Conclude on TDD 

· Send LS to RAN2 

· Send LS to RAN4 
	· Conclude on PUSCH and UL VoIP 
	

	RAN2 #85b / RAN4 #70b 
	
	· Conclude on TDD 
	· If needed, specify applicable UE and eNB core and performance requirements 

	RAN4 #71 
	
	
	· If needed, specify applicable UE and eNB performance requirements 

	RAN4 #72
	
	
	· If needed, specify applicable UE and eNB performance requirements
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