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1. Introduction
In the RAN#47 meeting, the following were decided as working assumptions for the UL sounding RS:
· Sounding RS & DM RS are in different blocks

· Sounding RS Structure (how to multiplex sounding RS from UEs with different sounding bandwidths): CDM when there is only one sounding bandwidth and CDM/FDM when there are multiple sounding bandwidths

· Sounding RS are in LB
In this contribution, we describe how support for single shot (non-persistent) channel sounding is beneficial, and also describe a way to improve the performance of frequency hopped UL data transmissions using the non-persistent sounding together with semi-selective resource allocation.
2. Persistent and Non-Persistent Sounding
Some of the discussions of channel sounding in recent meetings have been for scenarios where a channel sounding assignment would imply a persistent sounding allocation, such that a sounding signal is to be periodically transmitted by the UE (in order to track the channel variations and reduce the need for multiple sounding assignments over time). 

However, there are also cases where a single-shot non-persistent sounding allocation can be quite useful.  For example, when a UE has not been scheduled for period of time, the transmission of a sounding signal can help support various “startup” functions - even when frequency selective scheduling is not being used for the UE. Some examples include initial MCS selection, initial power control for data transmissions, and timing advance. Another example of leveraging non-persistent sounding is described in the next section.
3. Improved Frequency Hopped Data Transmission with Non-Persistent Sounding
This section describes an improvement to the intra-TTI frequency hopping data transmission mode that can leverage non-persistent sounding. The basic idea is to use an initial channel sounding to identify the best resource block (RB) to assign to the UE for the first 0.5 ms slot of its frequency hopped transmissions, but to utilize random hopping for selecting the RB used for the second 0.5 ms slot transmission.  Then for subsequent TTIs, the best RB from the previous TTI is assigned to the UE for the first slot of the TTI and the RB for the second slot is once again randomly selected.  Over time, this approach (termed Frequency Semi-Selective resource allocation – FSS) should provide better performance than purely random frequency hopping since many of the transmissions will occur on RBs having higher quality than a randomly selected RB.
Figure 1 illustrates an example of Frequency Semi-Selective (FSS) resource allocation where an initial sounding RS (at time t=0ms) is used to identify and assign the best RB (at time t=3ms) to the UE in the first 0.5ms slot with a random hopping selection for the RB used on the second 0.5ms slot in the TTI. A scheduling delay of 3ms is assumed. The Node-B then assesses the quality of the RBs in each of the two slots of the TTI (at time t=3ms) and assigns the best RB to the UE in the first slot of its next data transmission (at time t=6ms) with again a random RB assignment for the second slot. Since the channel quality of the RB in the second slot is better that that of the RB in the first slot within the TTI (at time t=6ms), the Node-B assigns the second slot RB to the UE for data transmission in the first slot of the next transmission (at time t=9ms) with a random RB assignment in the second slot of the TTI.  The process continues in a similar fashion for subsequent data transmissions. 
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Figure 1.  Example of Frequency Semi-Selective Scheduling with initial single-shot non-persistent sounding RS. Each red box represents an RB data transmission for one slot duration. 
Thus, by employing FSS, the first slot RB allocation is expected to have higher channel quality than other parts of the channel bandwidth, based on the frequency selective channel quality information obtained from analyzing previous transmissions while the RB assignment in the second slot provides current channel quality information for another portion of the channel bandwidth. As the first slot RB is likely to have a higher quality than a randomly selected RB, this frequency semi-selective approach is expected to provide better performance than purely random frequency hopping. The performance of FSS and purely random frequency hopping allocation is evaluated next.
4. Performance Benefit of Non-Persistent Sounding
The link efficiency with and without non-persistent sounding for intra and inter-TTI frequency-hopped data transmission with both the proposed frequency semi-selective (FSS) and pure random frequency hopping (frequency non-selective, FNS) resource allocation is shown in Figure 2.  A scheduling delay of 3ms and a UE scheduling duration of 15ms was assumed with 2 receive antennas at the Node-B. For both FSS and FNS allocation with non-persistent sounding, the RB allocated in the first slot of the first TTI is the best RB identified from the initial broadband 5MHz sounding RS. For the case without initial sounding RS, a random RB was allocated in the first slot of the first TTI. For subsequent TTI data transmission with FNS, randomly selected RBs were assigned in both the slots. 
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Figure 2.  Link efficiency comparison of FSS and FNS with and without single shot (non-persistent) channel sounding and non-ideal channel estimation for a 5MHz channel bandwidth, GSM TU.

It can be seen from Figure 2 that significant link throughput benefit is obtained at low to medium SNR with transmission of non-persistent sounding RS with FSS resource allocation with noticeable improvements (~5%) also for FNS random hopping. Non-persistent sounding enables accurate initial MCS and RB selection improving the performance of frequency hopped UL data transmissions. Thus, it is proposed to support non-persistent channel sounding on the UL [1]. 
5. Performance comparison of FSS and FNS with Non-Persistent Sounding
In this section, the performance of the proposed Frequency Semi-Selective allocation (FSS) is compared with purely random frequency hopping – frequency non-selective (FNS) allocation for frequency hopped data transmissions with non-persistent initial sounding. Results for UE velocities of 3 km/h and 30 km/h with non-ideal channel estimation are shown in Figure 3.
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Figure 3.  Link efficiency comparison of FSS and FNS with single shot (non-persistent) channel sounding and non-ideal channel estimation for a 5MHz channel bandwidth, GSM TU.

It can be seen from Figure 3 that with non-persistent sounding, the proposed FSS resource allocation provides significant link efficiency improvements compared to random FH (FNS) resource allocations at low speeds. The higher channel quality RB allocated in the first slot of a TTI with FSS provides ~15-20% link efficiency improvements in the SNR range of interest over FNS at low Doppler. At relatively high UE speeds, the performance of the FSS and FNS are similar due to channel variations during the scheduling turnaround delay (assumed to be 3ms) and the FSS scheme (as also the case for Frequency-Selective scheduling) cannot track the channel variations very well. Nevertheless, the FSS allocation method still performs no worse than FNS even with the large channel variations.
Thus, improved performance of frequency hopped UL data transmissions can be obtained by leveraging non-persistent sounding together with semi-selective resource allocation.
6. Control Signaling Options to Support Semi-Selective Resource Allocation

For flexibility in RB assignment for intra-TTI frequency-hopped data transmission coupled with the need to simultaneously support different bandwidth UE transmission, explicit RB index assigned on each of the slots may be transmitted within an UL Grant Message. Such an explicit RB index assignment method readily supports FSS without need for any additional control bits.
Alternatively if an explicit RB index assignment is not used, a 1-bit best slot indicator may be used to indicate whether the RB assigned on the first slot of a transmission is the same RB as was used in the first slot or on the second slot of a previous transmission. The need to include an explicit RB index for the random hopping RB in the second slot may be eliminated by basing the RB assignment on a known hopping pattern, or frequency offset from the first slot RB assignment.
Further, in order to be able to efficiently support both conventional Frequency selective (FS) and semi-selective (FSS) resource allocation, and be able to easily switch between these modes of assignment over time, a 1-bit mode indicator is used to indicate whether the assignment mode is FSS or FS. 
Thus, FSS can be efficiently supported by transmitting two indicator control bits (1-bit best slot indicator, 1-bit mode indicator). The indicator bits may not consume additional bandwidth and may be replace reserved bits in the UL Grant message if the size of the UL Grant Message is made to match the size of a larger downlink grant. 

7. Conclusion

This contribution discussed the benefits of supporting non-periodic channel sounding assignments, and described a possible way to leverage non-periodic sounding for an improved data frequency hopping scheme. It is proposed to support non-persistent channel sounding on the UL. 
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