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1
Introduction
A Work Item on Latency Reduction was agreed last December [1]. Several schemes were proposed, e.g. CB-PUSCH [2], sharing SR [3] and SR+CB-PUSCH [4]. Considering the gain might not be significant enough to well justify the complexity, some companies raised the option of “doing nothing” in previous RAN2 and RAN meetings [5]. 
An LS [6] was sent from RAN2 to RAN1 on the feasibility of sharing SR and possibility of successful decoding TBs when collision happens on CB-PUSCH. Our reading from the RAN1 reply LS [7] is that sharing SR is not a preferred solution from RAN1 point of view. Therefore in this contribution we will only focus on CB-PUSCH.

2
Discussion
The key points of the “simple” CB-PUSCH are PDCCH for CB resource allocation, no HARQ, and rely on RLC for possible retransmissions [8][9]. The following discussion is based on these assumptions.
2.1
Coverage problem

The results indicated the RAN1 reply LS [7] address the best case performance assuming certain UEs power levels, without considering the impact of noise/interference. But even if without collision, there might be coverage problem with one shot transmission without HARQ. 
Figure 1 below shows the required SNR to meet a BLER target of 10% as a function of CSI size or TB size without HARQ (no collision is assumed) [10]. With 96 bits in 2 RBs, 0dB SNR is required to meet 10% BLER; if 192 bits in 2RBs, 1.5dB is required.
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Figure 1. Link performance on PUSCH, TU channel, v=3 km/h, 1x2, HARQ off [10]

Figure2 shows that 10% of the UEs cannot meet the requirement of 0dB SNR for 10% BLER, and 20% for 1.5dB SNR requirement. This means 10% or 20% of the UE (likely cell edge UEs) will suffer from packet loss on CB resource. Taking collisions into account, the situation will be even worse. And for those UEs, RLC retransmission will be of little help without soft combining in eNB.
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Figure 2 SINR CDF for CASE1 (interference limited scenario)

Furthermore, if also taking UEs not implementing RoHC into account, the packet size might be much larger. It will require more resources and make the coverage problem even more severe.
To fix coverage problem, we might later need to introduce either extra mechanism with some limitation that cell edge UEs are not allowed to use the contention based resource, or other mechanism to support HARQ retransmission. Those will introduce even further complexity.

2.2
Standardization efforts in RAN2
In addition to the essential MAC details that will need to be addressed (e.g. BSR handling, SR interaction, DRX impacts…), it is worth noting that there are proposals to complicate CB PUSCH even further (MAC level ACK/NACK [11], logical channel specific usage [12]…). If we also consider the coverage problem above, it is clear that CB-PUSCH is not a light weight feature with little impacts.
2.3
Standardization efforts in RAN1
The RAN1 reply LS indicated that if the 2 UEs using the CB resource uses different DM RS, the performance would be better even if collision happens. While if they use same DM RS as proposed in earlier contributions that Rel-8/9 PDCCH format is used to signalling the CB resource, then the successfully decoding rate is rather low. So “RAN1 standardization effort is required to release this limitation”, either by introducing new PDCCH format or some extra rule.
Furthermore, power level of the UEs using the CB-PUSCH would impact the performance quite much and CB-PUSCH is another type of physical channel different from PUCCH and PUSCH, power control mechanism still needs further work in RAN1.
Thus, from a RAN1 viewpoint too, it seems difficult to claim that CB-PUSCH has little impacts.

2.4
eNB blind decoding complexity

Different UEs using different DM RS on the same CB resource while the eNB has no information of which DM RS is used without UE identification, will increase blind decoding complexity in the eNB. It is required every CB transmission occasion, even if there is no transmission at all.
2.5
Potential Gain
CB-PUSCH mechanism is trying to reduce latency by skipping the steps of sending SR and waiting for dedicated grant from eNB (3ms difference with shortest SR periodicity vs. every TTI CB resource occasion). It was analyzed in [13] that the gain is marginal if the file is large; if the file is small, the relative gain might be notable [14], but with Mbps data rate, tens of milliseconds still make no much difference for user experience.
3
Conclusion
For latency reduction, SR sharing based and CB-PUSCH based proposals have been discussed. RAN1 has indicated that SR sharing is not their preferred solution. In this paper, CB-PUSCH has been analyzed. It has been shown that there are some coverage issues, that the complexity and specification impact is far from negligible. Therefore it is proposed to postpone the work item to Rel-11 so that really attractive solution is found and focus RAN2 efforts on the completion of CA in timely fashion.
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