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1. Introduction

Rel-8 UL channel sounding can be used for frequency-dependent scheduling, link adaptation, timing estimation and UL power control. On the other hand Rel-10 introduces new features such as UL SU-MIMO, carrier aggregation and non-contiguous resource allocation, while also requiring the support of more RRC-connected users compared to Rel-8/9. Consequently, the need for increased sounding resources and/or more efficient management of existing sounding resources was discussed at RAN1 #60 and, thereafter, on the email reflector. Subsequently, the following agreement was reached at RAN1 #60 on the introduction of dynamic aperiodic SRS:

· Dynamic aperiodic SRS is supported

· Continue discussion on PDCCH signaling aspects, how to provide aperiodic SRS resources (including for multiple antennas), how to share these resources with ones for periodic SRS, and for the duration of the dynamic SRS transmission (e.g. one-shot, with a timer, semi-persistent until disabled, etc.)

This contribution examines the potential impact of dynamic SRS on the DL signaling overhead. Furthermore, we also examine its efficacy in other application scenarios which require SRS transmission. Some suggestions are given to improve sounding mechanisms in Rel-10. 
2. Overview of Aperiodic SRS

Dynamic aperiodic SRS provides the eNB with the flexibility to dynamically schedule a UE for one-shot SRS transmission on a need basis. The proposed features/benefits include:

· Provision for efficient management of the existing Rel-8 sounding resources to support multi-antenna SRS transmission.
· The MAC scheduler can configure sounding in response to changing traffic and/or channel conditions.

· Activate sounding from multiple antennas only when required for MIMO transmission

· For aggregated component carriers it can enable sounding from additional UL CCs only when the UE is given UL grants on those additional CCs
· Offers a shorter latency compared to the Rel-8 RRC-signaled one-shot SRS transmission

The main issue with dynamic aperiodic SRS is that it requires signaling resources on the DL. As such it is difficult to quantitatively assess the benefits of dynamic aperiodic SRS without considering the increase in DL signaling load. Therefore, design of the aperiodic SRS should strive to minimize any increase in PDCCH loading. 
2.1. SRS Activation in an UL Grant

In this method an SRS activation information element (IE) is included in the DCI format signaling an UL grant to a UE. This could be enabled in DCI format 0 by re-defining the frequency hopping bit and also using the padded bit [1]. A similar IE, or redefinition of DCI fields, can also be introduced in the DCI format for UL SU-MIMO transmission mode. This is a low-cost option because it has minimal impact on the DL signaling overhead if and only if the eNB activates SRS transmissions from UEs which it has already decided to allocate UL grants. 

Note that frequency-dependent scheduling of a UE requires prior channel state information (CSI), while timely CSI is only available with aperiodic SRS. If the eNB cannot get any channel information before it actually schedules a UE, the scheduler can only make decisions based on non-channel related information (buffer status, scheduling request, QoS), otherwise a classical chicken-and-egg conundrum occurs. In that case, the eNB allocates an UL grant without any CSI and at the same time activates one-shot SRS in the PDCCH conveying the UL grant. Subsequently, frequency dependent scheduling of UL grants can be performed, unless the one-shot SRS becomes outdated in which case the scheduler falls back again to QoS-based scheduling only.
Observation: there is no impact on PDCCH resources if and only if a sounding grant is allocated to a UE for whom the eNB has already made the decision to allocate an UL grant. 
Furthermore, it is desirable that aperiodic sounding only occurs in the cell-specific sounding subframes, similarly to Rel-8 sounding. This ensures that there is no impact on PUSCH transmissions of other UEs in the same or other cells. 

2.2. New DCI format for SRS Activation
There are several scenarios where the eNB requires multiple SRS transmissions from a UE without necessarily intending to schedule an UL grant. Two illustrative examples are

1) Coverage enhancement where multiple SRS transmissions are required for accurate CSI before scheduling. 

2) Carrier aggregation, where a UE is configured with two or more UL CCs. Before scheduling on other UL CCs the eNB needs to know the channel/interference conditions on the additional CCs. Such information can help to the MAC scheduler to decide if it is worthwhile to increase a user’s throughput by aggregating additional CCs.

In these two cases the PDCCH is solely assigned for sounding activation. To avoid defining a completely new DCI format it was also proposed that DCI format 0 could be re-used for an SRS (re)configuration message [1]. This SRS reconfiguration can be dynamically signaled, for example, by re-defining the fields in DCI format, and it may include all the SRS parameters in the current RRC IE SoundingRS-UL-ConfigDedicated. Although the number of blind decoding operations (BDOs) does not grow if DCI format 0 is re-used, the impact on the PDCCH capacity (and blocking probability) grows with the number of UEs simultaneously transmitting SRS.

Mindful of this issue of PDCCH resources, [2] proposes introduction of a new DCI format, similarly to DCI 3/3A, for scheduling a group of UEs for one-shot SRS transmission. This scheme would mitigate some of the impact on PDCCH capacity for scheduling aperiodic SRS transmissions. However, dynamic scheduling is by nature a one-shot allocation and it has the potential to lead to one too many “one-shot” SRS grants. A few disadvantages with this approach are:

MIMO Transmission

Consider that channel conditions permit MIMO transmission for a low speed UE at 10 kmph. It is assumed that RRC signaling is required to switch from UL SIMO to UL SU-MIMO transmission mode. Assume that the application is HTTP or FTP traffic for which latency is not a big issue compared to VoIP. Possible traffic session durations could be on the order of 100-200 ms (from [4]). Thus, for a 10 ms sounding periodicity, this implies that over the traffic session window the eNB schedules 10~20 periodic SRS transmissions using aperiodic SRS transmissions. This does not seem to be a very efficient method of scheduling SRS transmissions. 
Furthermore, there is a key difference between aperiodic SRS transmission and Rel-8 aperiodic CQI transmissions, where aperiodic CQI transmissions can be motivated by the need to have on demand larger CQI information compared to the periodic CQI report. By comparison, multiple SRS transmissions will be necessary to increase the amount of channel information to support MIMO as e.g. SRS from each UE’s antenna.

From the above, one could deduce that aperiodic SRS transmission could result in pseudo-periodic transmission.

Short burst applications

Consider short burst applications such as VoIP and gaming which have an average packet size of 40 and 50.4 bytes respectively with an average packet inter-arrival time of 20 and 40 ms respectively [4]. When active, eNB should not try to detect and track each packet transmission but should rather use SPS instead (with long-term SRS configuration).

Channel Reciprocity

In TDD systems exploiting channel reciprocity for e.g. DL beamforming is limited to instances when aperiodic sounding from multiple antennas is scheduled. There is a direct and significant impact of sounding on the DL signaling overhead because the performance of DL beamforming using channel reciprocity is tied to L1-signaled SRS transmission. 

UL Power Control

It is currently being discussed whether independent power control loops should be defined for each transmit antenna because of different antenna  gains caused by environmental factors such as body elements. If independent power control is supported periodic SRS transmissions would be required from each transmit antenna for accurate power control. This defeats the purpose of aperiodic transmissions. Moreover such periodic SRS transmissions may not be very effective if only activated in UL grants.
3. Alternative Solutions
In order to mitigate the impact on the DL L1/L2 signaling overhead a more efficient scheme consists in configuring SRS bursts by augmenting the current sounding configuration with a “timer” or duration for the period when the sounding is active. Such duration can be configured to match the expected traffic burst duration.
Proposal: Define SRS bursts in order to mitigate impact of dynamic SRS transmissions on DL signaling overhead

There are four options for activating the SRS bursts at the UE, namely 

· Activation in UL grant

· Semi-persistent scheduled sounding [3]

· RRC signaling

· L2 signaling

Option 1 Activation in UL grant

This is similar to one shot SRS activation described in Section 2.1. The main difference is that the one UL grant activates an SRS burst with a duration as long as required by the network. A special case is the one-shot SRS transmission. This removes the need for scheduling SRS on a per-subframe basis especially when the traffic bursts that necessitate MIMO transmission are on the order of 100-200 ms or the use case is for DL beamforming or UL power control. This proposal takes the “fast” activation of the L2-based activation, but extends it to burst activation. An illustration of SRS bursts is shown in Figure 1.
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Figure 1 Illustration of SRS Burst

Option 2 Semi-persistent Sounding

To minimize changes to the Rel-8 specification the start of the SRS burst can be conveyed to the UE using an SPS activation PDCCH of DCI format 0 (or a new DCI format for scheduling MIMO PUSCH transmission). The CRC of DCI format 0 is masked with the SPS C-RNTI. How to distinguish a sounding grant from a normal Rel-8 semi-persistent PUSCH grant is FFS.   

Benefits of SPS Sounding

1. Reduces the impact on L1/L2 signaling since only one activation PDCCH is required

2. The burst duration is configurable and can be configured based on traffic and channel dynamics. It can also be based on the averaging period when the sounding is used for timing estimation and power control.

3. The burst duration can also be configured to enable DL beamforming based on channel reciprocity in TDD systems.
4. There is no need for an explicit release signal.
Option 3 RRC Signaling

This option employs RRC signaling to configure and activate SRS bursts. Similarly to above, the SRS burstDuration in Table 1 defines how many consecutive SRS transmissions can be sent in a burst. The difference is that the base station can configure a different SRS periodicity for the SRS burst. For example the SRS could repeat every cell-specific SRS subframe period (TSFC) within a burst as shown in Figure 1. This could allow the base station to configure a set of closely spaced SRS transmissions in order to improve channel estimation of cell-edge UEs for frequency dependent scheduling, timing estimation or UL power control. This flexible configuration could also be used in other ways such as:

· An additional hopping parameter in the SRS IE, the UE could instead of repeating the same SRS in one subband, hop to different subbands for each transmission instance during the burstDuration window. This provides the eNB with “instant snapshots” of CSI estimations across multiple subbands.

· The hopping parameter could be defined for antenna hopping in the case of UL SU-MIMO such that the UE could transmit subsequently the same SRS from different antennas, thus providing the eNB with “instant snapshot” of CSI estimations across its antennas.
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Figure 2 Illustration of SRS Burst using RRC signaling
Option 4 L2 Signaling

For some application scenarios RRC signaling latency may be deemed too high. L2 signaling may be employed for dynamic SRS activation. A MAC control element may be defined for SRS activation similarly to CC activation/deactivation for carrier aggregation. An SRS MAC control element can be piggy-backed on the PDSCH assigned to a UE for which sounding is required. The content of the MAC control element is FFS.
3.1. SRS Resource Allocation

For each of the proposed alternatives the set of time/frequency/code Rel-8/9 SRS resources can be partitioned into two groups, one for Rel-8/9 sounding procedure and the other to be used for dynamic aperiodic sounding. The relative size of these two sets is left to eNB implementation. A UE, which is configured for dynamic aperiodic sounding, is also signaled frequency/code resource(s) from a common pool of resources. The UE sounds with these resources only when activated and over a SRS burst duration which is also conveyed by higher layer signaling to the UE. Table 1 shows one example of the additional fields in the SoundingRS IE to enable sounding for 2-Tx UEs that are configured for UL SU-MIMO.

Table 1 Additional Fields for SRS IE

	Field
	Value
	Remarks

	transmissionComb2
	{0,1}
	Same as Rel-8/9

	cyclicShift2
	{cs0, cs1, …, cs7}
	Same as Rel-8/9

	burstDuration
	{e5, e10, e20, e40}
	Release after e* transmissions


In the burstDuration field a value of e5 denotes that the SRS burst lasts for 5 transmissions where the periodicity of transmission is the same as the UE-specific sounding period in Rel-8, TSRS.
4. Conclusion

Several issues with aperiodic one-shot SRS transmissions have been addressed. Bearing in mind the impact of dynamic aperiodic SRS scheduling on the DL signaling overhead our views are: 

Proposal 1: Minimize the impact of aperiodic SRS on DL signaling overhead by only activating SRS in UL grants

Proposal 2: If additional flexibility is required, define SRS bursts which can be 

· Activated by UL grants

· Activated similar to SPS PDCCH

· Activated by RRC signaling.
· Activated by L2 signaling by piggybacking on PDSCH using MAC control elements.
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