[bookmark: _GoBack][bookmark: _Ref452454252]3GPP TSG-RAN WG1 Meeting #75	R1-135602
San Francisco, USA, 11th -15th November 2013

Agenda item:	6.2.4.1
Source:	InterDigital
Title:	Recommendations on TTI bundling enhancements for VoIP
Document for:		Discussion and decision
1.	Introduction
The R12 WI on LTE coverage enhancements was approved in June 2013 RAN#60. Following the August RAN1#74 meeting, an email discussion took place to down-select from candidate solutions [1]. In RAN1#74bis, it was agreed to select the preferred candidate solution for Enhanced TTI bundling for UL VoIP for the FDD case from “Reduction of RTT to 12ms or less” (3.2.1 or Alt. 1) or “Use of flexible bundle size” (3.2.6 or Alt. 6). The TDD case was left FFS.
In this contribution, we discuss detailed expected specification impacts focusing on the FDD case. We then provide our recommendation to select between Alt 1 and Alt 6 by taking into account link-level performance and specifications impacts.
2	Discussion
Alt. 1 “Reduction of RTT to 12ms or less”
The HARQ re-transmission timeline for the Reduced 12ms RTT approach is shown in Figure 1 for a single HARQ process.
From the UE transmission perspective, the k+12 re-transmission timeline still allows for PDCCH in k1-4 prior to a PUSCH transmission beginning in subframe k1. The PUSCH to PHICH/UL grant delay is shortened to k2+4 where k2 is the last PUSCH subframe of a bundle. The PHICH AN is still received in the 4th subframe following the last transmitted TTI of a bundle located in UL subframes k1…k2. In the case of FDD, PHICH is now received 1 subframe before the grant prior to the re-transmission for a HARQ process.
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Figure 1: Reduction of RTT to 12ms (k+12 re-Tx, 5 max Tx per HARQ#, 3 concurrent HARQ proc.)
The TTI bundle size of 4 is left unchanged when compared to R8 TTI bundling. However, the re-transmission delay is reduced from 16 subframes to now 12 subframes. A total of 3 concurrent HARQ processes can be supported. Link-level performance is improved by about 1dB when compared to R8 TTI bundling for the same allowed Uu delay in the order of 52ms [2][3].
Overall, very little specification changes are expected to introduce Alt. 1 “Reduction of RTT to 12ms or less” when compared to the R8 TTI bundling. Essentially, in the case of FDD, operating in this mode would require that the UE can be configured to use 3 HARQ processes instead of 4, which would impact 36.213 and 36.331.
The UE Tx buffer for incoming VoIP packets will need to operate under more stringent constraints when compared to R8. This is due to the fact that starting intervals for all 3 concurrently running HARQ processes are precisely timed, i.e. close to 100% UL subframe utilization is reached. The predefined R8 RV sequence can still be used to generate the TTI bundle of size 4 like inR8.
Both dynamic grant and UL SPS based allocations can be used. Transmission of PUSCH and mapping of DL AN into a PUSCH in any given TTI can be done as by R8 specifications. UL Tx power control specifications are not impacted.
We expect that from the eNB perspective, the use of k+12 re-transmission patterns will somewhat increase complexity to deal with the prevention of collisions in UL subframes from R8 synchronous HARQ re-transmissions, but no actual specification changes are necessary.
Alt. 6: “Use of flexible bundle size”
For Alt. 6, three variants have been proposed depending on whether the bundle size is varied according to a fixed or a variable (dynamic) pattern (Alt. 6.1 and 6.3) or whether in fact a fixed bundle size of 4 TTI’s is maintained but with possibility of dynamically scheduling additional bundles (Alt. 6.2). The expected performance improvements and specification impacts are not the same.
For fixed bundling patterns (Alt. 6.1), i.e. [8 4 4 4] TTI’s per HARQ process, there are only marginal differences in terms of observed link-level improvements when compared to Alt. 1 “Reduction of RTT to 12ms or less” [3][4]. Both approaches increase the UL subframe utilization ratio per UE to the same theoretically achievable 100% target. Each HARQ process is allocated up to 20 subframes for transmission of an RLC SDU within the allowable Uu delay budget. The main complexity impact is that the UE needs to follow different PDCCH/PUSCH/PHICH timelines for the initial transmission compared to subsequent retransmissions. On the network side, the solution also suffers from the drawback of breaking the k+16 HARQ timeline thus potentially requiring more frequent grants to non-bundling and legacy UE’s. When introducing the possibility of dynamically adjusting the bundling size (Alt. 6.3) there is further complexity brought by the need to redefine some DCI code points without significantly alleviating this drawback.
Using dynamic scheduling of additional bundling (Alt. 6.2) has the potential to add gains on top from overbooking a single HARQ process by reclaiming unused TTI’s in case a concurrent HARQ process terminates early. These potential gains are not achievable with Alt. 1 “Reduction of RTT to 12 ms or less”. However, when operating towards the edge of coverage, it becomes statistically more and more unlikely that HARQ processes terminate early, i.e. the rBLER target for the VoIP connection is reached simply because HARQ processes still result in packet errors after having transmitted the full 20 TTI’s. Therefore, this solution should not be expected to provide significant gains in the maximum achievable link budget over Alt. 1 when only the VoIP service is considered. On the other hand, one potential benefit that could be investigated is the increased efficiency in the outer cell region when considering other payload to be transmitted along with voice such as SRB or background data. Another side benefit is that the solution can essentially preserve the k+16 HARQ timeline used by non-bundling and legacy UE’s. On the other hand, this solution also entails specification impacts to DCI.
Discussion on prioritization
Between all the schemes considered in the above, Alt. 1 has the least specification impact and brings most of the potential coverage gains. The potential impact to scheduler implementation of breaking the k+16 HARQ timeline used by legacy and non-bundling UE’s is expected to be small considering the small number of RB’s required to carry VoIP over PUSCH in typical available carrier bandwidths and for reasonable numbers of VoIP users. For this reason we think it should be supported in priority for R12. If further improvements are sought, one attractive scheme is Alt. 6.2 which has the benefit of maintaining the k+16 HARQ timeline and can potentially bring additional gains when considering scenarios where VoIP is to be transmitted along with other types of payload such as background data or SRB’s.

3	Conclusions and Recommendations
In this contribution, we discussed our views and recommendations on candidate solutions for Enhanced TTI bundling for UL VoIP in the FDD, i.e. “Reduction of RTT to 12ms or less” (Alt. 1) or “Use of flexible bundle size” (Alt. 6). It is recommended to prioritize Alt. 1 as it entails only minor specification impacts and as potential PUSCH allocations conflicts due to the resulting mismatch of HARQ retransmission timelines are expected to be manageable through eNB implementation. Additional enhancements based on Alt. 6.2 may be considered with second priority for potential additional gains when considering scenarios where VoIP is to be transmitted along with other types of payload.
Recommendation:
R12 Enhanced TTI bundling in FDD is supported through “Reduction of RTT to 12ms or less” (Alt. 1)
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