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1 Introduction

In RAN1#60bis it was agreed that dynamic (aperiodic) SRS transmissions are triggered at least by PDCCH UL grants. In RAN1#61 it was agreed that at least “one-shot” dynamic SRS transmissions are supported (with other durations being FFS). There are several more issues that need to be decided with the most important one being the determination of the resources used for the dynamic SRS transmission.

Two primary objectives exist in providing the resources for dynamic SRS transmissions:

a) Minimize the associated SRS overhead.
b) Provide the required flexibility in selecting the appropriate SRS transmission parameters.

Without fulfilling the above objectives, the applicability of dynamic SRS transmissions will be constrained and its usefulness will be substantially diminished. In [1], it was proposed to use DCI format 0 to configure the dynamic SRS transmission parameters in order to provide the eNodeB full flexibility to multiplex dynamic SRS transmissions with existing periodic SRS transmissions and to select the appropriate values (SRS bandwidth, SRS position, etc.). Alternatively, the configuration of the dynamic SRS parameters can be implicitly performed [2]. 

Although the use of DCI format 0 provides a complete and clearly understood configuration for the dynamic SRS transmission parameters, this is unclear when a small number of bits or implicit indication is used instead. In particular, it is unclear which dynamic SRS transmission parameters can be fixed and which can be variable, how the multiplexing with periodic SRS transmissions is achieved, and what is the impact of such constraints on the utility of dynamic SRS transmissions and on the associated overhead of pre-configured resources. 
This contribution considers how the dynamic SRS can be activated, the tradeoffs between fully configurable versus constrained dynamic SRS multiplexing and some more specific aspects for the latter.  

2 Multiplexing Dynamic SRS Transmissions
SRS activation for new DCI formats scheduling PUSCH transmissions (e.g. for UL SU-MIMO) can be explicit using a 1-bit “SRS Activation” IE. For DCI format 0, SRS activation has to be implicit and this can be based on a combination of the CQI request IE and the FH IE, or on a reserved code-point for the CSI IE in case of explicit configuration. If the CQI request bit is set to 1 and the FH bit is set to 1, then DCI format 0 also activates a dynamic SRS transmission. The inclusion of a CQI report or the application of FH to the PUSCH transmission may be default ones, such as for example no inclusion of a CQI report and no FH for the PUSCH transmission.

2.1 Fully Configurable Parameters

Dynamic SRS transmissions can be viewed as SPS activation/deactivation, especially if their duration is not constrained to be only “1-shot”. In terms of PDCCH overhead, the one associated with dynamic SRS configuration is much smaller than the one for SPS transmissions mainly due to the fact that the number of UEs for which dynamic SRS transmissions could be beneficial is much smaller than the number of SPS UEs (e.g. VoIP UEs). Therefore, the PDCCH overhead is not an issue for configuring dynamic SRS transmissions, especially since this is fully under the eNodeB’s control. 
On the other hand, full configuration of the dynamic SRS transmission parameters allows selection of the most appropriate parameters. It also minimizes the associated overhead, especially in the case that dynamic SRS transmission is from multiple UE antennas, by utilizing dynamically available resources that are not used by periodic SRS transmissions (in this manner, reserved, separate, resources are not required for the dynamic SRS). 

Table 1 summarizes the use of DCI format 0 for configuring the dynamic SRS transmission parameters: 
a) Dynamic SRS transmission can be in the UL cell addressed by the UL grant or in a different (e.g. inactivated) UL cell (e.g. “one-shot” SRS) to provide the eNodeB with an SINR estimate to determine whether to activate the UL cell and, if so, the MCS/power for the initial PUSCH transmission.
b) TPC should be supported for the dynamic SRS transmission through a TPC command.

c) Configurable parameters allowing full flexibility to the eNodeB to configure and multiplex dynamic SRS transmissions with existing periodic SRS transmissions include:

a. SRS transmission BW. 
b. SRS frequency position.

c. SRS transmission comb.
d. SRS cyclic shift.

e. SRS periodicity (same UL cell) or the UL cell (different UL cell).
f. SRS hopping (in case of multi-shot or semi-persistent transmission).

g. SRS duration.
Table 1: Configuring a SRS Transmission through an UL grant.
	SRS Information Element
	Number of Bits
	Comment

	UL Cell
	1
	Same or different UL Cell

	Transmission BW
	2
	Four SRS BWs per operating BW

	Frequency Position
	3 or 5
	Starting BW Position (3 bits for <=5 MHz)

	Transmission Comb
	1
	Two combs

	SRS Cyclic Shift
	3
	Eight cyclic shifts

	Sub-Frame Offset
	0
	Deterministic - based on DCI Format 0 reception sub-frame

	Periodicity

or

UL Cell Indicator
	2
	SRS Periodicity Indication if same UL Cell
or

UL Cell Indication (“one-shot”) if Different UL Cell

	 SRS Hopping
	1
	SRS Hopping On/Off

	Duration
	1
	One-Shot or (Semi-Persistent or Predetermined Timer)

	TPC
	2
	TPC bits

	CRC (C-RNTI)
	16
	C-RNTI masked in the CRC

	TOTAL
	31 or 33
	


For DCI format 0, there are 10 additional bits which can serve as virtual CRC to further decrease the probability of false SRS de/activation to well below 1e-6 (useful for semi-persistent or timer-based duration). It is noted that SPS de/activation uses 6 bits for virtual CRC. As for the SPS release, dynamic SRS transmission should also be possible to release (e.g. when the channel conditions change, when there is a Scell failure, etc.).
2.2 Partially Configurable Parameters

In case of PDCCH limitation, the eNodeB should also be able to configure dynamic SRS transmissions without having to rely on the transmission of a separate DCI format than the one scheduling a PUSCH transmission. The tradeoff is the reduced flexibility in configuring the appropriate SRS transmission parameters together with the increased UL overhead as the constrained flexibility requires that some resources are reserved for dynamic SRS transmissions. 

The configuration of dynamic SRS transmissions can be explicit (by introducing a new “Dynamic SRS Configuration” IE to DCI formats for PUSCH transmissions [3]) or implicit. Explicit configuration by introducing a “Dynamic SRS Configuration” IE is not meaningful comparing to using DCI format 0 because in addition to the flexibility and UL overhead drawbacks, the PDCCH overhead will also be larger as at least 2-4 bits are needed for the “Dynamic SRS Configuration” IE and these bits will most of the time be useless as no dynamic SRS transmission will be configured.   

Implicit configuration, based on reserved code-points in the DCI formats scheduling PUSCH transmissions, is therefore the only practical option for partially configuring the SRS transmission parameters. As these code-points need to be reserved only when the “SRS Activation” IE (or another code-point) indicates SRS activation, assuming that SRS activation does not frequently occur for many UEs at the same sub-frame, there should not be any significant restriction in scheduling flexibility or overall system operation.

The eight CSI IE values can be used as code-points to indicate one of eight possible states for the SRS transmission parameters. As this is only needed in conjunction with SRS activation, it will not meaningfully impact the flexibility in assigning PHICH resources. Table 2 presents the SRS transmission parameters and the number of states required for their indication using the CSI IE values in the DCI formats scheduling PUSCH transmissions. It is noted that the CSI IE value in the DCI format also determines the CS used for the DM RS transmission.

Table 2: Dynamic SRS Transmission Parameters Indicated by CSI IE.

	Dynamic SRS Transmission Parameter
	Number of States
	Comment

	Comb
	2
	Transmission comb (two combs)

	Cyclic Shift
	4
	SRS Transmission Cyclic Shift (four CS)

	Bandwidth
	0
	SRS Transmission BW 

	BW Position
	0
	BW Position of SRS Transmission


The SRS transmission is assumed to be over 2 combs and both combs are mapped to CSI values. The SRS CS is assumed to be over 8 values and only a sub-set of 4 values (with maximum separation) are mapped to CSI values. Defining both the CS and the comb for dynamic SRS multiplexing enables the sharing of resources with the periodic SRS. The remaining SRS transmission parameters for the dynamic SRS are determined either from the ones of the periodic SRS transmission or by predetermined rules as it is subsequently discussed. 

Dynamic SRS Transmission BW

The dynamic SRS transmission BW may have the same value as the periodic SRS transmission BW. Alternatively, the dynamic SRS transmission BW can be as follows:

a) The maximum cell-specific SRS BW if the periodic SRS BW is either the maximum or the second largest one. 
b) The second largest cell-specific SRS BW if the periodic SRS BW is the third largest or the minimum one. 
Dynamic SRS transmission with the smaller two cell-specific BWs may not be supported as it is of little/no value, especially considering the existence of periodic SRS or of the (non-precoded) DM RS (low SINR UEs with small periodic SRS BW are not expected to be in SU-MIMO mode). 

An alternative approach that allows the eNodeB to dynamically control the transmission BW is to use the IMCS IE in the PDCCH activating the dynamic SRS. For example, odd numbered IMCS can indicate the second largest periodic SRS transmission BW and even numbered IMCS can indicate the largest periodic SRS transmission BW for the dynamic SRS transmission. Any scheduler restriction or associated impact on cell throughput is obviously negligible while the eNodeB is provided with the flexibility to select the dynamic SRS transmission BW (this approach can be extended to indicate all 4 periodic SRS BWs but, as previously mentioned, this is not necessary in practice).
BW Position of Dynamic SRS Transmission 
The dynamic SRS BW position needs to be determined only in case the SRS transmission BW is not the maximum cell-specific one. Then, if the dynamic SRS transmission BW is the same as the periodic SRS transmission BW, the dynamic SRS position is also the same as the one for the next periodic SRS transmission. 
If the dynamic SRS transmission BW is the second largest cell-specific SRS BW, two possible positions exist for SRS transmission with the second largest BW. If the periodic SRS is configured without hopping, the BW position of the dynamic SRS is in the same half of the BW as the periodic one. If the periodic SRS is configured with hopping, the BW position of the dynamic SRS can be either in the other half of the BW relative to the last periodic SRS transmission.

3 Conclusions

This contribution described the activation and configuration of dynamic SRS transmissions. SRS activation can be supported through the introduction of “SRS Activation” IEs in all DCI formats scheduling PUSCH transmissions in the UE-DSS. In the UE-CSS, SRS activation is either not supported or it is implicit.

Configuration of the dynamic SRS transmission parameters is preferably by re-interpreting DCI format 0. This minimizes the UL overhead due to dynamic SRS transmissions and can optimally assign the dynamic SRS transmission parameters. In case of PDCCH capacity limitations, implicit configuration of the SRS transmission parameters is preferred using the 8 CSI IE values to assign the CS and the comb of the dynamic SRS transmission. The dynamic SRS transmission BW and position can be fixed or be also implicitly determined through the MCS IE value. 
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