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1 Introduction

According to the WI on for Coordinate Multi-point Operation for LTE Rel-11 [1] improvements to SRS should be considered as specified in the following bullet:
· Study and Enhancements and requirements on uplink reference signals to improve the DM-RS and SRS capacity and reception.
This contribution analyzes the orthogonality and capacity limits of the sounding mechanism specified in Rel-10 in the context of the new scenarios introduced in Rel-11 [2]. In case extension of the above limits is deemed necessary by RAN1 different approaches for such extension are analyzed and preferred solutions are described.
2 Application of Rel-10 SRS procedures to Rel-11
In the following the limits of Rel-10 sounding procedures are analyzed in the context of the new Rel-11 simulation scenarios for CoMP and potential issues are identified. SRS orthogonality is achieved by means of 8 CS values and 2 COMB values, where CS is only effective within the same base sequence. However, only up to 4 CSs may be effectively employed in case of time dispersive channels and such assumption will be applied in the following.
2.1 Considerations on SRS Orthogonality

According to a reference CoMP deployment, the following parameters are considered:

	Scenario
	Coordination Area

	CoMP 3
	1 cell with 4 low-power nodes with different cell-IDs as the macro node

	CoMP 4
	1 cell with 4 low-power nodes with same cell-IDs as the macro node


Table 1: scenario assumptions.
2.1.1 CoMP Scenario 3

Fig.1 describes a possible SRS resource allocation strategy for CoMP Scenario 3. Orthogonality within the pico-nodes is obtained by CS. 
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Figure 1: example of SRS resources allocation for CoMP Scenario 3.

The combination of area-splitting and semi-orthogonal base sequences is deemed sufficient for pico-to-pico separation. UEs belonging to the pico-cell may need to also be sounded at the macro-node in the general CoMP case and especially for TDD. Hence, the CS and COMB assignment procedure specified in Rel-10 allows the flexible allocation necessary for Scenario 3.
2.1.2 CoMP Scenario 4

In case of Scenario 4 all UEs in the hetnet share the same set of orthogonal resources. Ideally perfect orthogonality is achieved by means of CS and OCC by reusing Rel-10 SRS resource assignment mechanisms.

Observations:

· SRS orthogonality for Scenario 3 and Scenario 4 is achieved by Rel-10 SRS assignment.

2.2 Considerations on SRS Capacity

In the following sections the SRS capacity according to Rel-10 is evaluated with a simplified analysis in the context of the new Rel-11 traffic and deployment scenarios.
2.2.1 Full Buffer Capacity Analysis

In this case the capacity is calculated by evaluating the maximum number of UEs that can sound the system BW within a fraction of the coherence time (1/10th of the coherence time is taken as reference). The coherence time is calculated assuming a 2.6GHz carrier frequency f0 and a UE speed of 3km/h according to [3]:
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The analysis applies to both A-SRS and P-SRS because A-SRS are assigned to a subset of the cell-specific SRS resources reserved for P-SRS and full-buffer traffic is considered here. The results reported in Table 2 assume that each UE is sounded at least once within 1/10th of the coherence time, which will be called the sounding period in the following.
	
	Nrof tx antennas

	SRS cell periodicity [ms]
	1
	2
	4

	2
	144
	72
	36

	5
	56
	28
	14

	10
	24
	12
	6

	20
	8
	4
	2

	40
	0
	0
	0



Table 2: Number of multiplexed UEs/cell every 1/10th of channel coherence time.

Considering that a mixture of UEs with 1, 2 and 4 tx antennas are expected to be deployed in Rel-11 networks the reference capacity [5] can be supported in Rel-11 with short cell-specific periodicity values.
2.2.2 Non-Full Buffer Capacity Analysis

In case of non-full buffer traffic, the FTP traffic model 1 recommended in [2] is considered. Assuming that A-SRS are employed during the packet transmission time for bursty transmissions, the objective here is to compare the number of coscheduled UEs within the sounding period and the SRS capacity limits calculated in Table 2.

In order to have conservative assumptions, the maximum throughput per UE category [10], the minimum recommended packet size (0.5 Mbytes) and the highest network efficiency recommended by the traffic model (70% of scheduled PRBs) over a 20MHz bandwidth are assumed. Several UEs are coscheduled per TTI in order to reach the target network load of 70% of the PRBs. A reasonable assumption is that the number of transmit antennas per UE and the UL rank correspond to the DL rank requirements in [6]. System level results modeling realistic spectral efficiency values are expected to result in a smaller number of coscheduled UEs per TTI.

The minimum packet upload time for a UE is 
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where PacketSize=0.5 Mbytes, MaxPayloadTTI is the maximum number of transport block bits per TTI according to the UE category and TTTI=1ms.
Ideal area splitting gain (simultaneous scheduling of UEs for each macro- and pico-cell) is optimistically assumed, i.e., 5 UEs are always coscheduled within the hetnet.

Table 3 reports the average number of scheduled UEs per sounding period, i.e., the number of UEs that need to be independently sounded. Most of the UEs in low category are not able to transfer the packet within the sounding period, hence the number of coscheduled UEs per network per sounding period is equal to the number of UEs per TTI per cell times the number of cells within the network. High category UEs complete their upload within the sounding period and additional UEs are scheduled in that case.
The results in the last column of Table 3 should be compared with the capacity values for the corresponding number of tx antennas as calculated in Table 2.

	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Transm. rank
	Support for 64QAM in UL
	Cell average thp (Load*NrofRBs*UeSpectrEff*NrofDataRE/TTI)
	Number of UEs per TTI per cell
	Minimum upload time (ms)
	Max Number of scheduled UEs in the network per 1/10th coherence time

	Category 1
	5160
	1
	No
	40320000
	7,81
	775,19
	39

	Category 2
	25456
	2
	No
	80640000
	3,17
	157,13
	15

	Category 3
	51024
	2
	No
	80640000
	1,58
	78,39
	7

	Category 4
	51024
	2
	No
	80640000
	1,58
	78,39
	7

	Category 5
	75376
	4
	Yes
	241920000
	3,21
	53,07
	16

	Category 6
	51024
	4
	No
	161280000
	3,16
	78,39
	15

	Category 7
	102048
	4
	No
	161280000
	1,58
	39,20
	7

	Category 8
	1497760
	4
	Yes
	241920000
	0,16
	2,67
	11


Table 3: maximum number of simultaneously scheduled UEs per network optimistically assuming the maximum peak rate for each UE.
Interestingly, even under the pessimistic assumptions of Table 3 the SRS capacity values shown by Table 2 appear in the same order of magnitude as the demands of Scenario 3 and Scenario 4. Nevertheless, it is important to allow the capacity of SRS to scale with the increasing number of pico nodes that might be deployed in future networks. This can be easily achieved, e.g., by allowing UE specific base sequences for SRS as described in the following of this paper.
The additional unexploited SRS capacity may be used, e.g., for sounding UEs without UL traffic (e.g., for TDD applications). It should also be taken into account that the potential introduction of OL-MIMO schemes in Rel-11 might reduce the load of SRS resources.

Observations:

· SRS capacity is close to the requirements for supporting Scenario 3 and Scenario 4, if a limited number of pico nodes is considered
· Consider extending SRS capacity for future-proof designs with denser pico-node deployments by, e.g., UE-specific base sequences
2.3 Considerations on SRS Coverage
PUSCH coverage for cell edge UEs has been increased in Rel-10 (compared by means, e.g., of SU-MIMO and beamforming. However, SRS are not precoded and suffer from same coverage limitations as in Rel-8/9. Such an issue may be solved for the interested UEs by increasing UE specific periodicity of SRS. Standard changes in Rel-11 targeting such an issue appear unnecessary.

On the other hand, some modification to SRS power control appears desirable in order to better support the new scenarios. This issue is treated in a separate contribution [4].
Observations:

· SRS coverage issues may be solved in Rel-11 by increasing SRS periodicity, without standard changes. 

· SRS power control modifications desirable for sounding (as described in [4])
3 Analysis of Potential Changes to Rel-11

3.1 Frequency Hopping for Aperiodic Sounding

The introduction of frequency hopping for A-SRS has already been discussed and disagreed in RAN1#64 in Taipei for Rel-10. Nevertheless, such a feature was listed in the UL enhancements SI [1] for Rel-11. Support to frequency hopping for A-SRS would enable simplified co-scheduling of A-SRS and P-SRS, as long as the two hopping mechanisms are compatible. Therefore, it is proposed to consider the support of Rel-10 type of frequency hopping even for A-SRS, under the condition that no incompatibility issues are identified.

Observations:

· Support of frequency hopping for Rel-11 A-SRS is potentially beneficial for SRS configuration flexibility.
3.2 Multi-Shot triggering for Aperiodic Sounding

Multi-shot triggering of A-SRS was also discussed and disagreed in RAN1#64 in Taipei for Rel-10. Furthermore, additional A-SRS triggering mechanisms such as triggering by DL DCI formats were introduced in Rel-10. Considering the improvements to scheduling flexibility for A-SRS introduced in Rel-10, multi-shot triggering appears as a non necessary feature in Rel-11. 
Observations:

· Multi-shot triggering of A-SRS appears as a non necessary feature in Rel-11.

3.3 UE-Specific Parameters for SRS

The likely increasing number of pico-nodes in future deployments might imply an increase in SRS capacity requirements. Especially in case of shared-ID deployments, this can be achieved by configuring different SRS base sequences to different (spatially isolated) UEs within the hetnet.

Another aspect is that the correspondence between cells and reception points becomes inaccurate and even limiting for Rel-11 scenarios. Furthermore, the cell borders in the UL and DL may not coincide, especially for hetnet deployments with moderate DL range extension. Also in such cases, it would be convenient to configure the SRS base sequences in a UE-specific fashion, instead of cell-specific.
Summarizing, configuring the SRS parameters in a UE-specific mode allows a convenient compromise between performance and system load, exploiting both SRS orthogonality and capacity. In order to allow flexible configuration of reference signals SRS-related parameters such as, e.g., base sequence index, SRS configuration, frequency hopping pattern, etc., should be configured in a UE-specific fashion.
Observations:

· SRS-specific parameters should be configured in a UE-specific fashion.

3.4 Sounding Based on Non-Precoded DMRS

The use of non-precoded DMRS signals for sounding has already been discussed and not agreed in Rel-10. It should be first observed that potential SRS capacity limitations for dense hetnet deployments may be readily addressed with small standard and implementation changes such as enabling UE-specific SRS parameters, as described in Section 3.3. The introduction of more complex features such as non-precoded DMRS should be justified by further analysis of the capacity problems not addressed by simpler solutions.
The concept of DMRS-based sounding has been presented, e.g., in [7]. The main idea consists of scheduling “empty” PUSCH transmissions where only full-rank DMRS are transmitted after being triggered by (possibly modified) DCI formats. In principle, sounding-PUSCH transmissions may be scheduled either:
1) overlapping with regular PUSCH and orthogonalizing DMRS by CS/OCC or

2) on unexploited portions of the system bandwidth. 
Considering that this sounding feature aims at increasing sounding capacity application 2) appears as an unlikely corner case. The probability that significant portions of the system bandwidth remain unscheduled in a TTI in a traffic scenario with SRS capacity saturation is intuitively small.
Regarding application 1), the link level degradation for regular PUSCH transmissions needs to be evaluated. Figure 2 shows link performance for a PUSCH UE coscheduled with a sounding UE operating at 20dB SNR (simulation assumptions are reported in the Appendix). The performance is clearly affected, especially at medium-high SNR. Another issue to be considered with option 1) is that it affects certain iterative receiver architectures, especially when channel and covariance estimation are performed iteratively with multi-layer equalization. Another drawback connected to DMRS-based sounding is that it easily leads to PDCCH capacity saturation, an issue that is likely to happen in the targeted high system load scenarios. Based on the above observations, DMRS-based sounding does not appear as an attractive feature for Rel-11.
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Figure 2: Link level degradation due to DMRS-based sounding for an ETU channel. Continuous line: single UE, dashed line: one sounded UE. The sounded UE has 4-tx antennas, SNR=20dB and overlapping bandwidth with the PUSCH UE.
It should be further observed that DMRS-based sounding may be in any case achieved by exploiting the flexibility of Rel-10, without standard changes. E.g., DMRS-based sounding is implicitly performed for all full-rank PUSCH transmissions. In case of SRS capacity saturation, UEs may be assigned to full rank transmission and their MCS may be correspondingly lowered in order to fulfill the target BLER. Another option is to schedule UEs even when they have an empty data buffer. In such a case UEs transmit padding bits on PUSCH, according to Rel-10 specs. 

Observations:

· Even in case a SRS-capacity issue is identified, DMRS-based sounding is not an attractive solution for Rel-11.
4 Summary

This paper addresses sounding enhancements for Rel-11. Based on the discussion the following observations are made:
· SRS orthogonality for Scenario 3 and Scenario 4 is achieved by Rel-10 SRS assignment.

· SRS capacity is close to the targets for supporting Scenario 3 and Scenario 4, if a limited number of pico nodes is considered

· Consider extending SRS capacity for future-proof designs with denser pico-node deployments by, e.g., UE-specific base sequences
· SRS coverage issues may be solved in Rel-11 by shortening SRS periodicity, without standard changes. 

· SRS power control modifications desirable for sounding in hetnet scenarios
· Support of frequency hopping for Rel-11 A-SRS is potentially beneficial for SRS configuration flexibility.
· Multi-shot triggering of A-SRS appears as a redundant feature in Rel-11.

· Supporting proposals should be accompanied by accurate system-level simulations.
· SRS-specific parameters should be configured in a UE-specific fashion.

· Even in case a SRS-capacity issue is identified, DMRS-based sounding is not an attractive solution for Rel-11.
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Appendix: simulation assumptions

	Nr of tx antennas
	4

	SNR sounded UE
	20 dB

	MCS
	14

	HARQ
	On

	Rank
	1, 2, 3, 4

	Channel model
	ETU, 3km/h

	CSI UE (PUSCH)
	3

	CSI UE (sounding)
	5

	Bandwidth
	6 RBs


_1371555091.unknown

_1371381812.unknown

