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1 Introduction
This contribution shares our considerations for dynamic aperiodic sounding. It extends the discussion on the e-mail reflector where the topics were:
· Triggering of multiple-shot SRS
· Triggering of aperiodic SRS by DL assignment
· Resources used for aperiodic SRS
· Support of empty uplink grant
· Group triggering of aperiodic SRS
Here we also show simulation results and give some deeper analysis of Rel-10 sounding.

2 Triggering aspects
2.1 Single-shot or multiple-shot per trigger
In RAN1 #61 meeting, it was agreed that triggering a single-shot SRS transmission is supported and multiple-shot SRS from a single trigger is FFS. 
Multiple-shot SRS transmissions from a single trigger is beneficial when each SRS transmission is rather narrow in bandwidth (e.g. due to UE power constraints) and multiple SRS transmissions is needed to cover a larger frequency region. The resulting wider sounding bandwidth will then enable frequency dependent scheduling. Alternatively, multiple-shot SRS transmissions over the same frequency region can increase the received SINR at the eNB and hence improve the sounding quality which is important for cell edge UEs. If multi-shot SRS is used over the same frequency it is desirable that it occurs in a time period smaller than coherence time of channel to provide a reliable channel estimate.

The multiple-shot SRS reduces control signalling overhead significantly compared to single-shot SRS. Besides that, if it is accepted to allow only UL/DL grant that schedule PUSCH/PDSCH transmission for triggering a SRS transmission (i.e. no “empty” grants), then the opportunities for triggering multiple single-shot SRS are further reduced. 
The drawback of multiple-shot SRS brings is the need for more complicated sounding resource management. However, we believe that the advantages are convincing and multiple-shot SRS should be supported, mainly to limit the signalling overhead.
2.2 Triggering of aperiodic SRS by DL assignment
Allowing triggering of aperiodic SRS by DL assignment would create more triggering opportunities and smaller delay than only allowing triggering of aperiodic SRS by UL grant. For DL transmissions that utilize short-term channel reciprocity, such as beamforming, PDSCH transmission quality is highly related to sounding performance. In these transmission modes, triggering of aperiodic sounding by DL assignment is beneficial when there is only infrequent UL transmission. 
For instance, as demonstrated in Figure 1, for DL/UL configuration 5 in TDD, there is only 1 UL subframe in each frame. Therefore the opportunities to trigger aperiodic sounding are limited to the single UL subframe if only UL grant triggering is possible and this subframe will then have a PDCCH capacity problem.

In this case, and if the UE has no data to be transmitted, the eNB is forced to schedule an aperiodic CQI report and trigger an aperiodic sounding simultaneously. It then becomes obvious that if aperiodic sounding is constantly needed, the control signalling overhead and PUSCH consumptions becomes significant.  For these reasons, triggering aperiodic sounding also via DL assignment may be beneficial. 
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Figure 1 DL/UL configuration 5 in TDD
The improved triggering flexibility may also benefit PUSCH transmissions due to possibilities for better measurements and thus link adaptation. However, as UL grants are regularly transmitted, to what extent the improved triggering flexibility will be utilized and what is the corresponding improvement of PUSCH transmission quality, needs further study.

Since the triggering in DL grant implies additional control overhead, we suggest that it should only be supported for transmission modes 7 and 8 with DCI format 1a, 1 and 2b.
2.3 Triggering by empty UL grant

Triggering using an “empty” UL grant (i.e. the normal UL grant but which does not result in a PUSCH transmission) is useful when there is no data to send on uplink at the exact time when sounding is needed. It is also beneficial for triggering aperiodic sounding to initialize link adaptation before uplink scheduling, especially for UEs with bursty uplink traffic. Furthermore, triggering using an empty UL grant also allows triggering aperiodic sounding in component carriers for which there is no accurate channel information at the eNodeB without having to schedule a data transmission. 
Therefore it is suggested that triggering by empty UL grant is supported. Indicating an “empty” UL grant can be done without additional overhead by using unused code points (such as unused states in the PMI table or using the transport block (TB) disabling).
2.4 Group triggering

For group triggering, which is a type of empty UL grant, a new PDCCH format similar to format 3/3a would be introduced for triggering aperiodic SRS simultaneously for a group of UEs. Group triggering increases triggering flexibility, as it is not tied with either UL or DL data transmission. However, it brings non-negligible PDCCH overhead. Also, similar to using DL grant for triggering, how the increased triggering flexibility improves transmission quality needs further study.

Another issue of group triggering in case of carrier aggregation is similar to cross-CC power control. For each UE, the aperiodic SRS triggering command intended for a UL CC may be sent on a DL CC, which may be different from the DL CC paired with the intended UL CC due to cross-CC scheduling operation. Therefore similar approaches as cross-CC power control would also need to be considered for group triggering.
Hence, group triggering is FFS.
3 Resources used for aperiodic SRS

An open issue is to decide which resource(s) must be used for aperiodic sounding.  One possibility is to reuse the Rel.8 SRS resource and enable the efficient management of this resource by dynamic triggering using PDCCH. Even if in this approach a dynamic triggering is used, the resources for periodic and aperiodic sounding must be allocated semi-statically in advance which limits the flexibility of this solution. Moreover, in order to achieve a better sounding quality and consequently a better throughput, it is important to reduce the load on the Rel.8 SRS.
It has been shown that inter-cell interference ‎[4] or inter-user interference (see Section 4), especially for multi-antenna UEs, can become a limiting factor when using Rel.8 SRS for sounding. Therefore, introducing new sounding resources on top of the resources of Rel.8 SRS is useful as long as they have minimum impact on existing mechanisms and they can guarantee a proper functionality. 
Therefore, it has been proposed to use DMRS for aperiodic sounding as an extension to Rel.8 SRS. A similar solution with higher sounding capacity is to use sounding-specific PRBs [5]. The benefits of these solutions are listed below. 
· Capacity enhancement and timely data transfer: 

When using sounding with DMRS or sounding-specific PRBs, the total sounding capacity (i.e. the resource space) is increased. This is important for scenarios where sounding capacity is a limiting factor such as the multi-antenna scenario in Rel.10. Another implicit advantage tied to the increased amount of sounding resource is the opportunity for reduced delay between sounding and scheduling. 
· Remove load from Rel.8 SRS:  

By using the new resources for multiple antenna UEs, there will be minimal impact on the sounding performance for the Rel.8 UEs as only the few co-scheduled UEs are affected as opposed to sounding using Rel.8 SRS which affects the reception from many other sounding UEs. The resulting throughput degradation corresponding to increased load of Rel.8 sounding UEs and the improvement that can be achieved by sounding with DMRS is demonstrated by simulation results in Section 4. The resulting inter-cell interference on PUSCH transmitting user from a UE transmitting sounding via DMRS has been analysed previously ‎[2].

· Minimum standardization and implementation effort: 
Since DMRS resources are already specified and in use in Rel.8, the standardization effort of introducing sounding via DMRS is limited to only specifying the signalling mechanism. Also note that there is no additional implementation complexity as corresponding channel estimation algorithms already are implemented in the eNB. Different triggering options are discussed below: 
The signalling type with maximum flexibility consists of performing triggering and configuration in the PDCCH. With this approach, only triggering mechanism must be specified in the standard. More precisely, one can reuse an existing DCI format for the UL grant which already contains useful fields used for sounding configuration (resource allocation, DMRS allocation etc.) and then trigger sounding by an unused codepoint in e.g. PMI field in the UL grant (since no data is transmitted, PMI is not needed). This method has the largest control overhead (since the full UL grant must be transmitted) but due to its flexibility it fits well in to some specific scenarios such as bursty traffic. 
Another alternative for signalling is to trigger sounding with PDCCH and define the sounding configuration by RRC signalling. This method has less flexibility as most of the configurations are predefined. More standardization effort is required as well since both triggering and configuration must be revisited. The benefit of this method lies in reducing the introduced overhead comparing to the case of dynamic triggering and configuration.
As for sounding via sounding-specific PRBs, a set of PRBs are reserved for sounding either dynamically or semi-statically. Both signalling mechanisms discussed above can also be used to trigger aperiodic SRS transmission via sounding-specific PRBs. Sounding-specific PRBs would require more efforts to define than sounding via DMRS since the OFDM symbols within the PRB used for sounding need to be signalled.
· Impact on PUSCH capacity:
Using DMRS for sounding does not reduce the PUSCH capacity since if a sounding UE is multiplexed with a PUSCH transmitting UE, unused and orthogonal cyclic shifts of the DMRS sequence are used to multiplex the UEs and antennas.
4 Throughput Evaluations
In this section, throughput of sounding via DMRS is compared with sounding using Rel.8 SRS for the case of multi antenna transmission using a link level simulator.  
4.1 Performance of Rel.8 SRS at high load

A realistic sounding scenario assuming frequency hopping and non-ideal channel estimation have been considered. Information obtained from measurement (sounding via DMRS or Rel.8 SRS) is used to schedule a PUSCH transmitting user.  Detailed simulation setups are given in the Appendix. 
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Figure 2: Throughput comparison for sounding using Rel.8 SRS when sounding resource is overloaded (The case of narrow-band sounding). One, two and four UEs with two antennas each is shown (CS separation was maximized in each case) and round robin scheduling is assumed.
Due to the introduction of multiple antenna UEs in Rel.10, it is expected that the load on the SRS is increased. This will lead to worse SINR on the SRS and thus worse measurement performance. In Figure 2 we investigate the impact on the throughput due to the increased load. Sounding measurements are obtained considering a number of interfering two antenna-UEs allocated to the same transmission comb. 
We see from Figure 2 that there is a considerable throughput loss at high loaded (14% for 24 dB SNR when we use all 8 cyclic shifts). When all available cyclic shifts are used for the sounding, the consecutive cyclic shift separation is 32 samples (512/(8*2)) for Rel.8 SRS whereas the delay spread of TU channel is about 39 samples. This leads to a poor channel estimation performance and consequently the large throughput loss compared to the case when 2 UEs are used.
4.2 Offloading sounding from Rel.8 SRS to DMRS resources

It is possible to offload the high load from the Rel.8 SRS by letting some UEs (preferably those with bursty traffic) to use sounding by DMRS. The effect on the average user throughput when doing this is analyzed in this section. 

In Figure 3, the average user throughput results with two UEs each with two antenna ports. For the case shown in blue, we assume that both of them are using sounding Rel.8 SRS and the red curve shows the case when one of the two UEs in the cell is using sounding Rel.8 SRS and the other is using only DMRS for sounding. The throughput improvement when offloading sounding of one UE to DMRS is 9% at 24 dB SNR. This shows effectively the benefits of extending sounding also to DMRS resources.

The reasons for the improvement is firstly that there is no interference at all when measuring the uplink channel and secondly, sounding using DMRS has slightly better performance than sounding using Rel.8 SRS. 
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Figure 3: Throughput comparison when DMRS is used to alleviate the load on Rel.8 sounding in the case of two UEs per cell. Round robin scheduling was used.
Figure 4 shows the same comparison but with a much higher cell load. The case where there are 4 UEs in the cell is assumed and the sounding load is partitioned into 2 UEs measured by DMRS and 2 UEs measured by sounding Rel.8 SRS. The average user throughput is increased about 27% for 4dB and 12% for 24dB SNR.
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Figure 4: Throughput comparison when DMRS is used to alleviate the load on Rel.8 sounding in the case of four UEs per cell. Round robin scheduling was used.
When using sounding via DMRS the distance between consecutive cyclic shifts is about 43 samples (512/12) compared to 32 for Rel.8 SRS. This gives some more robustness to channel delay spread and an improved channel estimation performance and measurement when consecutive cyclic shifts are allocated to different UEs and antennas compared. Moreover, the granularity of DMRS guarantee a better sounding quality compared to sounding Rel.8 especially for narrow band measurement. 

According to these results we can conclude that when Rel.8 SRS is highly loaded a considerable throughput loss is expected comparing to a low load scenario for Rel.8 SRS. We have shown that in those cases sounding using DMRS can alleviate the load on Rel.8 SRS and provide a better throughput for Rel.8 UEs. Therefore, we suggest to use sounding with DMRS as an extension to the one of Rel.8 SRS to guarantee a better system throughput.
5 Conclusions

In order to extend Rel-8 sounding resources in Rel-10, we propose to enable
· Aperiodic sounding via DMRS resource triggered by at least the UL grant
The net advantage of this method resides in: 
· Minimum standardization and implementation effort
· Alleviate load and reduce interference from Rel.8 SRS while improving the average throughput
· Capacity enhancement and timely data transfer
· No impact on PUSCH capacity
In addition we propose:
· Triggering a multiple-shot SRS from a single trigger is supported
· Triggering by empty UL grant is supported

· Triggering by DL assignment may be supported. If it is supported, it should be limited to transmission modes 7 and 8 with DCI formats 1a, 1 and 2b.
· Support of group triggering needs further study. 
· Sounding via sounding-specific PRB is for further study
6 Appendix

6.1 General simulation assumptions
	Parameter
	Assigned  value

	Bandwidth
	5MHz

	Carrier Frequency 
	2 GHz

	IFFT size 
	512

	Antenna Configuration
	2 Tx, 2Rx

	Antenna Correlation 
	0

	Channel Model
	TU Channel

	Speed
	3 Km/h

	Receiver Type
	MMSE

	Cyclic Prefix Type
	Normal CP

	Channel estimation 
	LMMSE

	Codebook for Precoding
	2 Tx Codebook

	Rank Adaptation
	Yes

	HARQ Scheme
	CC according to 36.212

	Number of Maximum Retransmission
	3

	Data Transmission BW
	5 RB

	Rank Adaptation
	Yes


Table 1: General Simulation Assumptions
6.2 Measurement related simulation assumption

	Parameter
	Assigned  value

	SRS BW
	Narrow- Band sounding = 4 RB

	SRS periodicity
	4 TTI

	Number of Transmission Antennas for 

Sounding and PUSCH Transmitting User
	2 Tx

	Hopping index for Narrow-Band sounding
	1,2,…,6


Table 2 : Simulation assumption related to sounding
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