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1 Introduction

At the RAN1#61 meeting, several contributions showed that multi-shot sounding could produce performance gains [1][2], but there was some discussion that timer-based sounding may be unnecessary since the same sounding behaviour and performance gains could be produced by using a sequence of N consecutive single-shot triggers to emulate a sounding burst.  In this contribution, we examine the potential loading impact on the PDCCH from the use of multiple triggers and compare it to the scheme where the timer duration is semi-statically configured using RRC signalling.  As a benchmark for both scenarios, one-shot triggering using PDCCH UL grants is used.
2 PDCCH Loading Impact
Case 1: Multi-Shot Sounding Implemented with a Timer For this scenario, the following signalling methodology is assumed:
· Higher-layer signalling is used to configure both the cell-specific and UE-specific aperiodic resources (e.g., sounding bandwidth,  hopping pattern, frequency offset, subframe period, subframe offset, etc).

· The timer duration is also indicated in the same higher-layer message or in the SRS scheduling grant using a 2-bit timer duration IE (e.g., 00=duration of 1, 01=duration of 2, 02=duration of 4, 03=duration of 8).

· The sounding burst is triggered using a single bit in a single UL grant.

Because Case 1 employs a single UL grant to trigger the entire sounding burst, the PDCCH overhead is identical to the benchmark case.  The only signalling impact associated with Case 1 is the addition of a small number of bits (e.g., 2) to indicate the burst duration.  Since the addition of these two bits is small in relation to the expected message size, the additional overhead to the PDSCH is virtually negligible.
For Case 1, there are two main signalling options.  The first would be to signal the multi-shot duration using higher-layer signalling, resulting in no impact to the PDCCH loading, and a negligible overhead impact to the PDSCH due to the addition of 2 bits to the aperiodic configuration message that is sent very infrequently.  The second signalling option is to include 1 or 2 bits in the UL grant message to indicate the sounding duration.  Assuming an equal distribution of downlink allocations and uplink grants and an UL grant DCI size on the order of approximately 50 bits, this would result in an impact to the PDCCH of approximately 1% to 2%.  The results are summarized in Table 1.

Table 1. PDCCH Capacity Reductions Resulting from Signalling the Burst Duration
	Impact to PDCCH Capacity for Different Signalling Options

	RRC Signalling
	1 bit in the UL Grant
	2 bits in the UL Grant

	-0.0%
	-1% (approx)
	-2% (approx)


2.1 Case 2: Multi-Shot Sounding Implemented Using Multiple Triggers

For this scenario, the following signalling methodology is assumed:
· Higher-layer signalling is used to configure both the cell-specific and UE-specific aperiodic resources (e.g., sounding bandwidth,  hopping pattern, frequency offset, subframe period, subframe offset, etc).

· The sounding duration associated with a single PDCCH UL grant is defined as single-shot.

· To emulate a multi-shot sounding burst in N consecutive sounding opportunities (e.g., subframes), N different UL grants are transmitted.  Each will trigger a one-shot sounding transmission.

For Case 2, the additional overhead impact to the PDCCH is a function of several factors such as the size of the UL grant, the aggregation level required to obtain satisfactory decoding performance, the burst duration N, and the number of UEs for which multi-shot sounding is triggered.  The exact value of the latter two factors will depend upon the particular use case for which multi-shot sounding is employed.
One particular use case which has been mentioned for multi-shot sounding is that of improving the performance of cell-edge UEs.  In this case, those UEs with the lowest power headroom would be instructed to send multiple sounding transmissions using the signalling methodology described above.  In order to get a first-order approximation of the potential impact to the PDCCH resulting from the case 2 methodology, a simplified system-level simulation was performed.  The simulation parameters are summarized in the Appendix, and the simulation methodology is described as follows:

Step 1. Randomly generate a pool of candidate UEs and select the percentage P of those UEs with the worst uplink headroom values and designate those UEs as multi-shot sounding UEs
Step 2. Let M be the number of PDCCHs of all types (DL allocations, Uplink grants, etc) that need to be transmitted in a given subframe.  Set the number M to a fixed value for all subframes in the simulation duration.

Step 3. Within each subframe, randomly select M UEs from the candidate pool to receive the M PDCCHs

Step 4. Randomly assign each of the M PDCCHs as uplink or downlink with 50% probability.

Step 5. For all PDCCHs, set the required CCE aggregation level based on the downlink geometry and a 1% BLER target for the PDCCH and schedule the PDCCHs in the current downlink subframe.

Step 6. For all PDCCHs that are designated as UL grants and are targeted at a UE that is designated as a multi-shot sounding UE, also schedule an identical UL grant in each of the following N-1 subframes in order to schedule the remaining soundings associated with the multi-shot sounding of duration N.

Step 7. If there aren’t enough control channel resources to transmit all of the scheduled PDCCHs, then blocked PDCCHs are held and transmitted in subsequent subframes.

Step 8. Simulate 10,000 subframes for the simulation duration and then repeat for different values of M and P

Table 2 shows the impact on the capacity of the PDCCH while maintaining a 10% PDCCH blocking rate or less.  

Table 2. PDCCH Capacity Impact Resulting from Single-Shot Signalling of Duration-N SRS Bursts
	
	Impact to PDCCH Capacity for Different Burst Durations (N)

	
	N=2
	N=4
	N=8

	Percent (P) of UEs Designated as Multi-shot Sounding UEs
	5%
	-4.3%
	-8.7%
	-11.4%

	
	10%
	-6.8%
	-13.6%
	-19.0%

	
	20%
	-12.6%
	-23.0%
	-30.7%

	
	40%
	-22.5%
	-37.4%
	-46.1%

	
	60%
	-29.2%
	-45.3%
	-55.1%

	
	80%
	-34.0%
	-50.6%
	-60.9%


As can be seen in Table 2, the PDCCH capacity can be reduced by up to 61%.  As an example, the PDCCH capacity can be reduced by 23% when only 20% of the UEs are instructed to transmit sounding bursts of duration 4 using the methodology of case 2.
3 Conclusions 

In this contribution, we have discussed two different techniques for implementing multi-shot sounding and their associated impact on signalling overhead.  It was found that:

· If a multi-shot timer duration of the aperiodic resources is signalled to the UE, then multi-shot sounding contributes no added burden to the PDCCH, and the impact on the PDSCH is negligible given the small number of additional bits and the infrequency of their transmission.
· If multi-shot sounding is implemented by individual triggering of each sounding within the burst, then the capacity of the PDCCH can be reduced by up to 61%.  As an example, the PDCCH capacity can be reduced by 23% for burst durations of 4 when 20% of UEs with the worst power headroom are targeted for multi-shot sounding.

Proposal:  Timer-based sounding should be supported so as to minimize the impact to PDCCH  signalling overhead.
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5 Appendix
Table 3.   Simulation Parameters
	Description
	Settings

	System Layout
	19-site, 3-cell wraparound

	Site-to-Site Distance
	1732 m

	Antenna Model
	70o beamwidth, 20 dB F/B, horizontal only

	Macroscale Propagation Model
	128.1+37.6log10(d, in km)

	Microscale Channel Model 
	Uncorrelated TU 3kph

	Antenna configuration 
	2x2

	Transmission mode 
	SFBC

	DCI size
	47 bits, including CRC

	Aggregation Thresholds:
	Aggregation 1 (SNR >=  4.75 dB)

Aggregation 2 (-0.2 dB <= SNR < 4.75 dB)

Aggregation 4 (-3.0 dB <= SNR < -0.2 dB)

Aggregation 8 (SNR < -3.0 dB)

	System Bandwidth
	10 MHz

	Carrier Frequency
	2.0 GHz

	Control Region
	3 symbols


