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1. Introduction

TR 36.913 specifies that the LTE-Advanced system should be able to support at least 300 active users without DRX in a 5 MHz bandwidth. This is a 50% increase over the Rel-8 requirement even without considering the LTE-Advanced features of UL SU-MIMO, non-contiguous PUSCH resource allocation, carrier aggregation, CoMP transmission and reception, and heterogeneous networks. As such, it is imperative to determine if the LTE Rel-8 SRS design and multiplexing capacity is sufficient to support these LTE-A features. In this contribution we study the currently proposed techniques to increase or efficiently manage sounding resources in LTE-A systems. Furthermore, low overhead sounding enhancements are proposed for LTE-A.
2. Discussion
LTE-A features have the following sounding requirements

1. UL SU-MIMO – the current agreement is non-precoded and antenna-specific SRS. Therefore, up to 4x the number of resources of Rel-8 would be required for up to four transmit antennas.

2. Non-contiguous PUSCH resource allocation – a UE implementing this feature may need to sound over wider bandwidths than the minimum bandwidth of 4RBs if contiguous sounding is desired.

3. DL MU/SU-MIMO – accurate sounding is required when channel reciprocity is used in TDD, or to compute long term channel statistics for DL transmission.

4. CoMP – sounding should be reliably received at all cells in a cooperating set. This requires coordination of sounding resources between cooperating cells in order to avoid/mitigate inter-cell interference.

5. Carrier Aggregation – it may be desirable to specify different sounding configurations for multiple component carriers (CCs) [1]. In addition it should be verified how effective sounding is at higher Doppler frequencies due to aggregating CCs at higher frequency bands. 

It can be seen that one pressing issue is that of increased resources, particularly for UL SU-MIMO. It was shown in [2] that the sounding capacity can be fairly approximated by the expression
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is the number of cyclic shifts and 
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is the number of frequency combs. Therefore, for a 10 km/h single antenna UE in a TU channel with a sounding period of 10ms, 
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, cell subframe period of 1ms and 5MHz bandwidth, 240 or 80 UEs can be supported for narrowband (4RBs) and wideband (24RBs) sounding respectively. Clearly, some enhancements are needed to meet the LTE-Advanced requirements and even more so to support the LTE-A features enumerated above.
There are some proposals for increasing and/or more efficiently managing the Rel-8 sounding resources in order to support LTE-Advanced. A brief description of each proposal is presented below, including the merits/demerits of each proposal. 

Sounding on PUSCH and PUCCH

The sounding capacity can be increased by re-using all uplink reference signals wherever possible. This is already supported by Rel-8 and is left to eNB implementation. For example, the PUCCH-RS can be used to obtain long term channel statistics for precoding, while the PUSCH-RS may provide more accurate channel estimation in a particular UL RB allocation compared to the SRS [3]. Note that obtaining channel state information from the PUSCH is limited to the PUSCH allocation for the UE.

Piggybacked DMRS [2]

A different non-backward compatible procedure is to piggyback a UE, for sounding purposes, in the DMRS region of an UL grant allocated to a different UE. By pairing UEs as in MU-MIMO, the sounding (or secondary) UE can be signaled an MCS value with zero payload size to indicate that sounding is required. The main advantage of re-using the DMRS is that there is no impact on SRS resources in Rel8/9 specification. However, this would mean that the piggybacked UE must be an LTE-A UE since the behavior of an LTE (Rel-8/Rel-9) UE is not specified for reception of a “zero-payload” MCS value. Since there are two DMRS symbols in one subframe two sounding resources are available per UL grant. Furthermore, in the interest of maintaining single carrier transmission, the secondary UE cannot be allocated a separate UL grant for PUSCH transmission in the same subframe.

It should be noted that sounding by piggybacking the PUSCH-RS does not come without cost. It is dependent on the availability of CCE resources for signaling the UL grants in the common or UE dedicated search space. Therefore, the gain obtained from the increased sounding resources is offset by the increased DL L1/L2 signaling overhead. This could result in increased PDCCH blocking probability. 

Scheduled SRS [4]

In this method the SRS is dynamically scheduled for one shot transmission using an “activation” information element (IE) in the DCI format(s) scheduling PUSCH transmission. This is similar to the one-shot, aperiodic CQI report in Rel-8, which is also activated by an IE in DCI format 0 for scheduling PUSCH transmission. This dynamic SRS activation can, for example, allow a UE to simultaneously transmit SRS from multiple antennas as well as activate and release SRS resources in response to changing channel and traffic conditions. In addition reference [4] also proposes SRS reconfiguration, which is useful for de-activating sounding from additional antennas if channel, traffic or other UE-specific conditions (e.g. antenna gain imbalance) dictate a fallback to single antenna transmission mode. 

While this method provides for efficient management of Rel-8 sounding resources it does not address the question of inadequacy of Rel-8 sounding resources for the LTE-Advanced requirement stated in TR 36.913. Moreover, similarly to the piggybacked DMRS, dynamic SRS activation and re-configuration could also incur a significant increase in L1/L2 control signaling overhead. 

Increasing cyclic shift or RPF

In Rel-8 at most 8 cyclic shifts can be supported per srsBandwidth and frequency comb depending on the maximum delay spread seen in the cell. A two-fold increase in sounding resources can be obtained by increasing the number of cyclic shifts to 16. An additional bit would be required for signaling the UE-specific cyclic shift
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.This option would reduce the minimum cyclic shift separation by two and would only be applicable for low delay spread channels. A similar impact on delay spread is seen by increasing the RPF from 2 to 4 [5].

Increasing sounding overhead

Adding one more SC-FDMA symbol for sounding can provide up to 100% increase in sounding resources. However, this gain comes at the cost of increasing the SRS overhead. Furthermore, it is not backward compatible as transmitting in any other symbol apart from the last symbol of a subframe will interfere with Rel-8 PUSCH transmissions.

Other options

Two other options include increasing the sounding period (latency) to support two or four transmit antennas, and a new SRS sequence design. Increasing the sounding period limits the velocity range for frequency-dependent scheduling. A new sequence design is not desirable given the significant impact to the current LTE specification.

In the next section we describe some techniques that can facilitate the implementation of scheduled SRS, piggybacked DMRS, and additional SRS symbols by mitigating the impact of L1/L2 signaling overhead and sounding overhead respectively.
2.1. Sounding enhancements

Increasing sounding symbols

SRS capacity can be increased without significant increment in sounding overhead by adding an additional, low duty cycle, sounding symbol. This is slightly similar, in concept, to configuring two SC-FDMA sounding symbols in the UpPTS region of TD-LTE systems. The location and periodicity of the additional sounding symbol shall be cell specific. One use-case for such a scheme would be UL SU-MIMO, where it is expected that UEs are in low to medium mobility environments. For example, a 10 km/h UE can be configured with a minimum SRS periodicity of 10ms. The LTE Rel-8 sounding specification allows multiplexing of UEs with different speeds by using the UE-specific SRS configuration index
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. For low mobility UEs a second sounding symbol can be added to their sounding subframes. This is illustrated in Figure 1 for
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. The first subframe has two sounding symbols while the other subframes have only one sounding symbol similar to Rel-8. For example a 2-Tx UE, which is configured for UL SU-MIMO, can sound on antenna 1 in the 13th symbol and on antenna 2 in the 14th symbol of a normal CP subframe. The effective sounding overhead increases from 7.14% (10 sounding symbols in 1 radio frame) to 7.86% (11 sounding symbols in 1 radio frame). This results in a 10% increase in sounding resources, while the effective sounding overhead increases from 7.14% (10 sounding symbols in 1 radio frame) to 7.86% (11 sounding symbols in 1 radio frame). For two subframes with two sounding symbols within a radio frame there is a 20% increase in sounding resources with an effective sounding over head of 8.57% (12 sounding symbols in 1 radio frame).

This is a non-backward-compatible scheme, which may cause interference to PUSCH transmissions from LTE UEs. There are two solutions to this problem depending on whether the component carrier (CC) is backward compatible or not. For a backward compatible CC the first solution is by eNB scheduling, where the eNB allocates a portion of the system bandwidth only for LTE-A UEs. For example, for a 10 MHz bandwidth the eNB could reserve the upper part of the bandwidth for LTE-A UEs while the lower part is used by LTE-UEs. 

For a non-backward compatible CC all LTE-A UEs scheduled for PUSCH transmission in a subframe containing this second sounding symbol would puncture out their PUSCH transmissions for this sounding symbol. 


[image: image10.emf]1 ms

10 ms

2 SRS symbols

1 SRS symbol


Figure 1 Illustration of one additional low duty cycle sounding symbol for a non-backward compatible component carrier
Proposal 1: RAN1 should study SRS enhancement by an additional, low duty-cycle sounding symbol

Reduced Signaling Overhead

The main issue with scheduled SRS and piggybacked DMRS options is the significant L1/L2 signaling overhead that is incurred. As an alternative to dynamic signaling in every subframe, the concept of semi-persistent scheduling can be employed for setup/release of SRS/DMRS resources for channel sounding. Applying this signaling method to piggybacked DMRS, the eNB can semi-persistently schedule a UE to sound the channel using the DMRS symbols on a specific RB allocation. For example, a 2-Tx UE can sound on antenna 1 in the DMRS symbol of the first slot and sound on antenna 2 in the DMRS symbol of the second slot of a subframe. This method can be similarly used for setup/release of SRS resources. In the same manner the SRS/DMRS resources can be de-activated, and possibly re-assigned to another UE, by a semi-persistent grant release procedure. 

In order to minimize changes to the Rel-8 specification this semi-persistent scheduling assignment can be conveyed to the UE using DCI format 0 (or a new DCI format for scheduling MIMO PUSCH transmission). The UE is configured by higher layer signaling for semi-persistently scheduled sounding. The CRC of DCI format 0 is masked with the SPS-C-RNTI. To distinguish a sounding grant from a Rel-8 semi-persistent PUSCH grant some field values in the PDCCH validation procedures of Tables 9.2-1 and 9.2-1A of TR 36.213 can be re-defined to validate semi-persistently scheduled sounding on DMRS symbols. Alternatively, a new DCI format can be specified for sounding purposes with the payload matching DCI formats 0/1A or 3/3A. The CRC can be masked with a new sounding RNTI.  

One potential issue with this scheme is that the piggybacked sounding UE is semi-persistently scheduled before a primary UE is dynamically scheduled for PUSCH transmission in one subframe. This restricts the eNB to scheduling a primary UE with the same RB allocation used by the sounding UE. For example, if the sounding UE is scheduled with a 4RB allocation the eNB must schedule a primary UE that can efficiently support 4RBs in each subframe until the release of the semi-persistent sounding grant. For a fully loaded cell this may not be a significant scheduling restriction because the eNB scheduler may choose a minimum scheduling unit of, say 4RBs, in order to maximize the PDCCH capacity. 

An alternative method could be to divide the sounding bandwidth into different bandwidth parts of 1 (2) RB(s). The sounding UE can then sound on one bandwidth part in one subframe and then cyclically hop to the other bandwidth parts in other subframes. The period for cyclically hopping through the total sounding bandwidth depends on the Doppler frequency of the UE. 

Proposal 2: RAN1 should consider semi-persistent scheduling for setup/release of DMRS/SRS resources for channel sounding.

3. Conclusion

Many options have been proposed to increase or more efficiently manage SRS resources to fulfill the LTE-A target requirements. Given the objective of enhancing sounding capacity without a corresponding significant increase in downlink control overhead two options are proposed herein for RAN1 consideration: 
Proposal 1: SRS enhancement by configuring an additional, low duty-cycle sounding symbol

Proposal 2: Semi-persistent scheduling for setup/release of DMRS/SRS resources for channel sounding.
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