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1. Introduction
To improve the efficiency of SRS resources in Rel-10, the SRS enhancement via aperiodic PDCCH triggering was introduced and the details were discussed in the last meetings. By now the following agreements were reached for aperiodic and periodic SRS transmission in Rel-10.
· For aperiodic SRS:
· Format 4 is used for SRS triggering.

· Format 0 is also used for SRS triggering
· Continue discussion until next  meeting, taking into account the following proposals from [1]:

· DCI Format 0 

· If the bit is activated, 1 code-point indicates whether aperiodic SRS transmission is based on parameters

· If the code-point is validated, the following is configured via the DCI Format 0 

· Baseline is no data Tx in this mode of operation

· FFS if data Tx is allowed in this mode of operation

· FFS which code-point

· FFS which/how aperiodic SRS transmission parameters are configured (e.g. carrier indication, PRB allocation, BW position, etc.)

· Target conclusion at next meeting

· Otherwise,

· Configured via RRC (a single set of parameters)

· Rel-8 SRS hopping mechanism is supported for both DCI format 0 and 4
· The hopping pattern defines the SRS bandwidth position in a sub-frame
· For periodic SRS transmissions:
· The number of SRS antenna ports, N p, can be configured independently of that for dynamic aperiodic SRS. 
· SRS for all the configured transmit antenna ports should be transmitted within one SC-OFDM symbol of the same subframe. 
· Both CS and Comb could be used for multiplexing different antennas
· Further discussion needed to see if we can narrow down the configuration parameters
· The SRS transmission bandwidth and frequency RB positions are the same for all antenna ports 
· FFS to use time cycling to multiplex the SRS from antenna ports.
In this contribution, we discuss the open issues above about SRS transmission and aperiodic SRS enhancement.
2. Discussion
2.1. On SRS transmission mode
The number of SRS ports was agreed to be independent from that of PUSCH transmission in RAN1 #62bis meeting. From current conclusions, at least the following transmission schemes should be supported for SRS:
· The Rel-8 transmission scheme supporting antenna switching among transmit antennae. For simplicity, the antenna switching in Rel-8 can be fully remained without additional function enhancement and extension of application scenarios. The activation signaling of antenna switching can also reuse that in Rel-8(higher layer configured). Antenna switching among four antennae is not needed unless there is usage case. In general, this Rel-8 scheme is only useful for Rel-10 UEs with only Rel-8 capability, which cannot support simultaneous SRS transmission in multiple antennae. However, if Rel-8 configuration is decided to be the initial transmission mode in PUSCH, corresponding Rel-8 transmission scheme should also be the default configuration for SRS regardless of the UE capability.
· Single antenna port transmission in multiple transmit antennae with antenna virtualization. When UE is configured in single antenna port but with capability of multiple ports, the SRS from single port can be transmitted simultaneously in multiple antennae. This transmission scheme is useful at least when single port mode is configured in PUSCH or when there is not enough resource for multiple ports SRS.
· Two antenna ports transmission in four transmit antennae with antenna virtualization. For a UE capable of four ports transmission, if four ports are not activated by higher layer signaling, it will be degraded to be a two-port UE. Therefore, maximal two ports SRS can be configured for the UE, and how to transmit SRS in four transmit antennae is UE implementation.
· Two/four antenna ports transmission with antenna-specific SRS. In most of cases, a UE with capability of N ports can transmit SRS in N antenna ports for full CSI in uplink. This antenna-specific scheme is useful not only for spatial multiplexing in PUSCH, but also for reciprocity based downlink transmission, e.g. dual-layer beamforming.
To summarize, we describe the UE procedure of SRS transmission in Rel-10 as follows:
· When a Rel-10 UE handovers to a cell, the Rel-8 transmission scheme is the default UE operation.
· If it is a Rel-10 cell, then the SRS transmission scheme is decided according to the UE capability and higher layer signaling:
· For UE capable of single port, the Rel-8 transmission scheme is still remained with single antenna port supporting antenna switching, which is configured by higher layer signaling.
· For UE capable of two ports, single or two antenna port(s) can be configured. For a UE configured in single antenna port, the antenna mapping is UE implementation, and no standardized antenna switching (e.g. closed loop switching in Rel-8) is supported.
· For UE capable of four ports, if four antenna ports is enabled by higher layer signaling, single or four antennas ports can be configured; otherwise, only single or two antenna ports can be supported.
· Otherwise, it will work in Rel-8 mechanism.
It can be noted that the configuration mechanism of SRS transmission is highly similar to that of PUSCH, which can make sure to provide efficient information for PUSCH transmission. 
Proposal 1: Rel-8 transmission scheme can be the default operation for SRS transmission.
Proposal 2: For Rel-10 UEs with only Rel-8 capability, the Rel-8 transmission scheme with antenna switching should be supported. For UEs with multiple ports capability, the transmission ports can be configured via higher layer signaling.

2.2. Multiple antennae multiplexing in R10
For SRS transmission in R10, comb is more suitable to be used for multiplexing multiple UEs rather than CS due to less interference. If both CS and comb are used for multiplexing different antennas, the capability of SRS multiplexing among UEs via comb will be weakened. In our opinion, the effect of inter-UE interference is more significant than intra-UE in R10, so comb should first be used for UE multiplexing but no antenna multiplexing. Considering the number of CS is enough to multiplex multiple antennas for a UE, the introduction of comb is unnecessary. Only CS multiplexing will also simplify the signaling and configuration of UEs multiplexing and antennae multiplexing. Concretely, the cyclic shift of the first SRS port can be directly obtained via
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, and cyclic shift for the other ports can be determined by predefined CS offset.
Proposal 3: For the sake of scheduling simplicity and UEs multiplexing, it is better to multiplex multiple antennas via only CS.
2.3. Remaining issues on UL triggered SRS
On SRS triggering in Format 0
In [1], it was claimed to introduce one bit in format 0 to support SRS triggering and configuration without data scheduling, by which dynamic parameters configuration can provide full scheduling flexibility for aperiodic SRS. Nevertheless, from PDCCH overhead perspective, using the whole format for SRS triggering is available only in case of low PDCCH payload, and some unused bits in the format will be wasted. Extra work is needed for definition of the new SRS format. This padded “format 0” which is larger than the format 0 in Rel-8 will also result in specification effort due to loss of backward compatibility. In addition, considering the requirements on SRS transmission are low in PUSCH mode1, it seems not necessary to support so flexible resource configuration for single port mode, in case that 4/8 states had been agreed in format 4. 
In a word, in views of PDCCH overhead, specification complexity and SRS requirements for PUSCH, we don’t think SRS-specific format multiplexing format 0 is a good way for SRS triggering. As mentioned in [5], a triggering mechanism independent from PUSCH scheduling is useful for aperiodic SRS, and DL triggering is a better choice.
Proposal 4: The parameters for format 0 triggered aperiodic SRS are configured via higher layers signaling and no SRS-specific format is needed.
Multiple triggers for SRS
If contiguous triggers are indicated by PDCCH in multiple subframes for a UE, some of them may be timed in the same resource according to the agreements on timing, especially when the SRS resources are highly scattered in time domain. From the BS perspective, the motivation of contiguous triggering is for multiple sounding in general, especially when only one-shot SRS is supported. Any overlapping of sounding is not desired in this case. Hence, additional specification effort for timing is needed to ensure that individual sounding will be triggered by each trigger. For example, If some aperiodic SRS is timed in resource the same as sounding triggered by previous PDCCH, the SRS can be transmitted with another predefined set of parameters or in the next usable SRS subframe.
Proposal 5: In case of multiple triggering of aperiodic SRS, respective sounding is triggered by each trigger without overlapping. 
Timing mechanism
It is simpler in standardization for aperiodic SRS to be transmitted in the same subframe where the UE’s PUSCH is transmitted. Nevertheless, since there are only few subframes for aperiodic SRS transmission, this type of timing will greatly degrade the efficiency of aperiodic SRS. How to use the SRS resources in UpPTS will also became a problem for TDD then. Compared to this type of restricted timing, it is more flexible for one UE to sound in the nearest aperiodic SRS subframe(s) in four subframes after triggering. By this way aperiodic SRS can be transmitted with lower latency even without PUSCH scheduling. For TDD, considering existence of UpPTS, the timing is more complicated as discussed in [4].
Proposal 6: Aperiodic SRS should be transmitted in the nearest SRS subframe(s) satisfying k(4 for FDD, while for TDD the expansion of Rel-8 timing mechanism can be considered.
Frequency Hopping
If multi-shot SRS is agreed, frequency hopping among the multiple shots activated by one trigger should be considered for wider sounding BW. The configuration and hopping mechanism can be similar to that of periodic SRS in R8. However, if only one-shot SRS is agreed, whether and how to support frequency hopping needs more study. Since the resources and the triggering for aperiodic SRS is discrete in time domain, sounding in some BWs may be lost, and the latency among the multiple sounding is uncertain. In this case, more triggering opportunity is needed for continuous sounding with hopping, and only UL-triggering seems not enough for that. Hence, DL triggering is important to support frequency hopping of aperiodic SRS.
Proposal 7: Hopping is supported only when sufficient triggering opportunity can be ensued.
Proposal 8: If hopping is supported, the same mechanism as R8 subframe based hopping can be reused.
3. Conclusions
In this contribution, we analyzed some remaining issues on SRS transmission in R10. We propose that:
Proposal 1: Rel-8 transmission scheme can be the default operation for SRS transmission.

Proposal 2: For Rel-10 UEs with only Rel-8 capability, the Rel-8 transmission scheme with antenna switching should be supported. For UEs with multiple ports capability, the transmission ports can be configured via higher layer signaling.
Proposal 3: For the sake of scheduling simplicity and UEs multiplexing, it is better to multiplex multiple antennas via only CS.

Proposal 4: The parameters for format 0 triggered aperiodic SRS are configured via higher layers signaling and no SRS-specific format is needed.
Proposal 5: In case of multiple triggering of aperiodic SRS, respective sounding is triggered by each trigger without overlapping.
Proposal 6: Aperiodic SRS should be transmitted in the nearest SRS subframe(s) satisfying k(4 for FDD, while for TDD the expansion of Rel-8 timing mechanism can be considered.
Proposal 7: Hopping is supported only when sufficient triggering opportunity can be ensued.

Proposal 8: If hopping is supported, the same mechanism as R8 subframe based hopping can be reused.
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