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1. Introduction
Antenna selection (AS) by using the uplink (UL) sounding reference signal (SRS) is a working assumption in 3GPP LTE RAN1 #49bis Orlando meeting.  In addition, at the RAN1 #50 Athens meeting, it was agreed that, a 1 bit control signaling could be allotted in the UL scheduling grant message to explicitly signal the UE to identify which antenna would be selected.  
In order to enable AS by using SRS, it is necessary to propose a unified signaling and protocol approach, which integrates regular SRS (R-SRS, SRS without antenna selection) with antenna selection based SRS (A-SRS). Since A-SRS is a special case of R-SRS, the following rules are applied when designing such a protocol:

1. A-SRS should be able to support all the functionalities and requirements mentioned above for R-SRS.

2. The A-SRS protocol should be compatible with R-SRS protocol. The protocol design needs to avoid, to the extent possible, any conflict between A-SRS and R-SRS.

3. The overhead of enabling A-SRS should be kept as low as possible.

To address the above issues, this contribution develops an SRS protocol, which enables both R-SRS and A-SRS with low signaling overhead. By using three levels of signaling, the protocol supports, for both A-SRS and R-SRS cases, (1) enable and disable SRS; (2) periodic and adaptive SRS; (3) wideband, variable bandwidth, and narrowband SRS; and (4) non-hopping and hopping SRS. In the following, we describe our SRS protocol in details. 

2. SRS Control Signaling

In general, our scheme comprises three levels of signaling messages, namely, Level-A registration signaling, Level-B slower signaling, and Level-C faster signaling, all or some of which are used for antenna selection. A summary of the possible signaling messages for enabling antenna selection is shown in Table 1. 

As shown in Table 1, the Level-A registration signaling is used to clarify if both the UE and the eNodeB support uplink antenna selection. In the event that the eNodeB does not support antenna selection but the UE does, the UE may resort to open-loop antenna selection, which does not require any support from the eNodeB. This AS capability information is exchanged between the UE and the eNodeB at the beginning of the communications, for example, when the UE registers with the wireless network. Level-B is a layer 3 (or radio resource control (RRC) layer) signaling that is used to set up SRS parameters for the UE, and request the UE to start or stop sending the SRSs (i.e., enable/disable SRS transmission). It is a slower form of signaling that is sent infrequently. Level-C is a faster signaling that is used by the eNodeB to communicate with UE its antenna selection decisions. Ideally, the Level-C signaling enables the antenna selection to track short-term channel variations due to multipath fading. 

In the UL, only the Level-A message is required from the UE to notify the eNodeB its capability of supporting AS. In the DL, some or all of the three levels of messages are necessary. 

Table 1 – SRS signaling messages for antenna selection

	Field
	Message Layer
	Size (bits)
	Comment

	UL
	Level-A: Registration
	L3 signaling
	[1]
	The UE notifies eNodeB if UE supports uplink transmit antenna selection.

	DL
	Level-A: Registration
	L3 signaling
	[0-1]
	The eNodeB notifies UE if eNodeB supports uplink transmit antenna selection.

	
	Level-B: Slower Signaling
	L3 signaling
	[FFS]
	a) Set up SRS parameters.

b) SRS enable/disable request.

	
	Level-C: Faster Signaling
	L1/L2 control signaling
	[0-1]
	AS decision about which antenna UE should use for data transmission.


2.1. Level-A Signaling

The Level-A registration signaling is used to clarify if both the UE and the eNodeB support UL transmit AS. This information is exchanged between the UE and the eNodeB at the beginning of the communications. In the UL, 1-bit information is required for the UE to notify the eNodeB if it is an antenna selection capable UE. Similarly, in the DL, 1-bit information is needed for the eNodeB to inform the UE about its capability to support UL transmit AS. 
The 1-bit uplink Level-A signaling can be integrated into “UE capability information” message sent by the UE. The message format is similar to “UE MIMO support” for HSDPA described in TS25.331, v7.4.0, 10.3.3.25 pp. 546. On the other hand, there exist two options for the downlink Level-A signaling. First, the eNodeB can inform the UE about its AS capability by using “UE capability information confirm” message. Second, it is also possible for the eNodeB to broadcast its AS capability by using dynamic broadcast channel (D-BCH). Moreover, if antenna selection can be universally supported by all the eNodeBs, then the downlink Level-A message can be avoided. 
2.2. Level-B Signaling

The frame structure for Level-B message is shown in Table 2. The message format is similar to “CQI parameters” for HSDPA described in TS25.331 v7.4.0 10.3.6.40a pp. 637. The Level-B signaling is used to enable/disable SRS transmission and set up SRS parameters. R-SRS and A-SRS share the same Level-B signaling message, except that two fields (i.e., “A-SRS Enable” and “Period2” shown in boldface in Table 2) are for A-SRS. 

There would be two options for the “SRS enable/disable” field. One option is that an explicit 1 bit is created in this message to indicate either enabling (when set to 1) or disabling (when set to 0) the SRS transmission. On the other hand, it is also possible to implicitly convey this information by using the “Period1” field. To be more specific, the field “Period1”, when set to 0, indicates “SRS disable”. Otherwise, any Level-B message with non-zero “Period1” field is considered as an “SRS enable”.

The field “A-SRS Enable”, when set to 1, indicates that the A-SRS is enabled. Then, all the other fields of this message are used for setting up A-SRS parameters. In “A-SRS enabled” mode, the UE sends SRSs from both the selected antenna and the unselected antenna. On the other hand, if “A-SRS Enable” is set to 0, then A-SRS is disabled and R-SRS is enabled, and the UE only sends the SRSs and data from a single antenna. In this case, the other fields (except “Period2”) of this message are used for setting up R-SRS parameters. By sharing parameter fields with R-SRS, the overhead for enabling A-SRS is low.

Table 2 – Frame structure for Level-B message
	Field
	Size (bits)
	Comment

	SRS Enable/Disable
	[0-1]
	Request to start or stop sending SRS.

	A-SRS Enable
	[1]
	A-SRS is enabled (set to 1) or R-SRS is enabled (set to 0).

	Duration: Periodic/Adaptive
	[1]
	Indicates whether the SRS is performed periodically (set to 1, until told to stop) or adaptively (set to 0, one-shot SRS).

	BW & Position
	[FFS]
	The bandwidth (in terms of number of RBs) and the starting position (in terms of RB index) for the SRS.

	Start Sub-frame (sub-frame offset)
	[FFS]
	Indicates the index of the sub-frame within a radio frame that the UE starts sending the SRS.

	Period1
	[FFS]
	The interval (in terms of number of TTIs) between two consecutive SRSs.

	Period2
	[FFS]
	The interval (in terms of number of SRSs) between two consecutive A-SRSs and pattern of transmission.

	Hopping Related Fields 
	[FFS]
	Indicates hopping related information such as number of hops, hopping pattern, etc.

	Other parameters e.g., RPF, symbol position, CAZAC sequence, etc
	[FFS]
	Other SRS configuration parameters, which may not be directly related to antenna selection.


The field “Period1” (with non-zero value) indicates the interval between any two consecutive SRSs, which is used for both A-SRS and R-SRS. The similar parameter is also used in HSDPA for reporting the uplink CQI, see TS25.214 v7.5.0 6A.1.2. pp. 40. The field “Period2”, on the other hand, is only used for periodic A-SRS, which indicates the interval between two consecutive SRSs which are sent from the unselected antenna. By using “Period2”, the eNodeB can dynamically adjust the portion of the SRSs that are sent from the unselected antenna, achieving a tradeoff between the performance and the antenna-switching overhead. If “Period2” is ignored, then the SRSs are just alternatively transmitted from the two transmit antennas.
Upon receiving the Level-B message, the transceiver first checks the “SRS Enable/Disable” field (which is either explicit or implicit). If “SRS Disable” is true, then the transceiver stops sending SRS. The other fields of this message are omitted. Otherwise, the transceiver is told to start sending SRS according to the format (e.g., either A-SRS or R-SRS; either periodic or adaptive, etc) as defined in the parameter list. 

A number of variations for the structure of the above Level-B signaling message are possible. First, all the fields need not be sent together at the same time. Depending on the function categories, the Level-B signaling message might be split into sub-messages and sent separately. Second, some parameters such as “Symbol Position” and “BW & Position” can be cell-specific. Therefore, the eNodeB can broadcast such information through D-BCH. Third, the AS dependent parameters “A-SRS Enable” and “Period2” can be an “OP” field in the L3 signaling, meaning an optional extension. 

2.3. Level-C Signaling

The Level-C faster signaling message is used to tell the UE about which antenna to use for data transmission. In order to select one antenna out of two possible candidates, 1 bit information is necessary and sufficient. In this contribution, we propose to use “uplink scheduling grant” (UL grant) message to convey this 1 bit information.

Again, there would be two options for this “AS decision”. One option is that an explicit 1 bit is created in the UL grant to indicate AS decision. On the other hand, it is possible to implicitly utilize the sub-frame position of UL grant to indicate the AS decision. For the first option, for example, the explicit “AS decision” bit, when set to 0, indicates that the UE should use transmit antenna 0 (Tx0) to transmit data. The “AS Decision” bit, when set to 1, indicates that the UE should use transmit antenna 1 (Tx1) to transmit data. For the second option, Nokia in [4] proposed to use the sub-frame position of the first UL grant of a sequence of UL grants to indicate antenna selection decision. In this contribution, we propose a slightly different scheme. Specifically, the UL grant, when sent at the even sub-frame, indicates that the UE should use Tx0 to transmit data. The UL grant, when sent at the odd sub-frame, indicates that the UE should use Tx1 to transmit data. 

While having 1 bit overhead in UL grant, the explicit Level-C signaling imposes no restrictions on the timing of UL grants. In particular, the eNodeB can send the UL grant at any time when necessary. On the other hand, by using the implicit Level-C signaling, we reduce 1 bit overhead in UL grant, but the timing of UL grant contains antenna selection information. This will place constraints on scheduler design. For instance, the UL grants cannot be arbitrarily transmitted in consecutive TTIs, which, by definition, implies switching antenna. 

3. Protocol Description

Our protocol utilizes the SRS for UL antenna selection [3]. The antenna switching is performed within a TTI, but we do not preclude between TTI switching [5].  In terms of functionality, the protocol is flexible and applicable to different AS scenarios. First, both periodic AS and adaptive AS are supported. Second, both non-hopping SRS based and hopping SRS based AS are supported. Third, the protocol supports AS based on different SRSs, including wideband SRS, variable bandwidth SRS, and narrow-band SRS. The protocol can also allow switching between them as dictated by eNodeB. Furthermore, the protocol supports AS for packet retransmission in HARQ modes. Currently we focus on 1 out of 2 antenna selection, while the extension to multiple antenna selection is possible with a cost of additional signaling overhead. 
3.1. AS Protocol Illustration

3.1.1. AS with Explicit 1 Bit in UL Grant
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Figure 1. Protocol illustration for non-hopping periodic A-SRS.
 (A) Non-Hopping – Wideband SRS and Variable BW SRS
Periodic A-SRS: Figure 1 shows the protocol illustration for non-hopping periodic A-SRS. As shown in Figure 1, at the 0th TTI of a frame, the eNodeB sends a set of SRS parameters, which serves as an implicit “SRS enable” request (since Period1 is non-zero). The UE receives the parameters at the 1st TTI, and gets ready to send SRS as per the parameters. Based on the parameter, at the 3rd TTI (i.e., Subframe Offset = 3), the UE starts sending SRS, and will periodically send the SRS from the two antennas at every TTI (Period1 = 1). Based on received SRS, the eNodeB can make a joint scheduling and AS decision. The decision can be either a resource block assignment or an antenna selection decision or both. Note that in some TTIs, there is no data to send, but the UE still needs to send SRS periodically as required. Also note that the eNodeB can make decisions at any time, not necessary periodically.
Since “Period2 = 3”, one out of every 3 SRSs is sent from the unselected antenna. As shown in Figure 1, the SRSs at the 5th TTI, the 8th TTI, the 1st and 4th TTIs of the next fame, are sent from the unselected antenna, while the rest SRSs are sent from the selected antenna. In Figure 1, the parameter “Num_Hops = 1” means that the entire bandwidth is sounded by 1 hop. That is, no frequency hopping is involved. If “Num_Hops > 1”, then frequency hopping is applied for SRS.

Adaptive A-SRS: Figure 2 shows the protocol illustration for non-hopping adaptive A-SRS. Compared to the case with periodic antenna selection where the SRSs are sent periodically (until told to stop), adaptive SRS is a “one-shot” SRS transmission as per the eNodeB’s request. For the A-SRS shown in Figure 2, two SRSs are sent by the two antennas successively, with the interval determined by the “Period1” field in the parameter list. The “Period2” field is of no use for adaptive SRS case. Similar to the periodic case, the eNodeB makes scheduling and/or AS decision based on the received SRSs. 
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 Figure 2. Protocol illustration for non-hopping adaptive A-SRS.
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Figure 3. Protocol illustration for hopping periodic A-SRS.
(B) Hopping – Narrow-band SRS

Periodic SRS: Figure 3 shows the protocol illustration for hopping periodic A-SRS. As an example, we assume that the entire bandwidth is covered by 2 hops (Num_Hops = 2), and each narrow-band SRS spans half of the available bandwidth. As shown in Figure 3, the interval between two consecutive SRSs is determined by “Period1” field of the parameter list. Similar to the non-hopping case, since “Period2 = 3” in the parameter list, one out of every 3 SRSs is sent from the unselected antenna. Specifically, the SRSs at the 5th TTI, the 8th TTI, the 1st and 4th TTIs of the next fame, are sent from the unselected antenna, while the rest SRSs are sent from the selected antenna. In frequency domain, the SRSs are alternatively transmitted at the first half and second half of the available bandwidth, regardless of antenna selection decision.
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Figure 4. Protocol illustration for hopping adaptive A-SRS.
Adaptive SRS: Figure 4 shows the protocol illustration for hopping adaptive A-SRS. As shown in Figure 4, upon receiving the request from the eNodeB, the UE sends a total of 4 SRSs. The interval between the 2 SRSs is determined by the “Period1” field. Based on one or more SRSs, the eNodeB can make AS and/or scheduling decisions at any time.
For all the periodic SRS examples shown above, only the procedure of “SRS Enable” is shown. The procedure of “SRS Disable” is not shown in these figures, which is achieved by sending a Level-B message with “Period1 = 0”. Note that the adaptive SRS can automatically stop without additional control signaling.
3.1.2. AS with Implicit 1 Bit in UL Grant

Figure 5 shows the protocol illustration when we use the sub-frame position of UL grant to indicate the AS decision. For simplicity, we just illustrate non-hopping periodic case. The other cases can be easily obtained in a similar manner. As shown in Figure 5, when the UL grants are transmitted at the even TTI, the UE is told to use Tx0 to send data. Otherwise, when the UL grants are transmitted at the odd TTI, the UE is told to use Tx1 to send data. Finally, in the 2nd TTI of the next frame, the eNodeB sends another Level-B signaling message with “Period1 = 0”. Thus, this message requests the UE to stop sending SRS. Upon receiving this message, the UE disables SRS accordingly. 
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Figure 5. Protocol illustration for non-hopping periodic A-SRS with “period2”.
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Figure 6. Protocol illustration for non-hopping periodic A-SRS without “Period2”.
For comparison purpose, Figure 6 shows the protocol for non-hopping periodic A-SRS, when ignoring the parameter “Period2”. The only difference between Figure 5 and Figure 6 is that, in the absence of “Period2”, the SRSs are alternatively transmitted by the two antennas, where the spatial pattern of SRS is independent of data transmission.
3.2. AS Protocol for HARQ

Synchronous hybrid retransmission request (HARQ) is employed in 3GPP LTE. When the system operates in synchronous HARQ mode on uplink, the UE knows a priori exactly when to retransmit the packet when it receives an NACK from the eNodeB after a pre-specified number of TTIs. In this case, the UE uses the same resource block (RB) and same modulation and coding scheme (MCS) for the retransmission. Since the UE has complete control over the packet retransmission in synchronous HARQ, whenever retransmission occurs, the UE can automatically switch to another antenna to retransmit (using the same RB and MCS), to achieve spatial diversity. This is to avoid the scenario that the channel quality of the previously selected antenna is poor.

4. Conclusions

In this contribution, we proposed signaling and protocol design for AS by using SRS in UL 3GPP LTE. Three levels of signaling are developed. The small overhead for enabling AS by SRS can be summarized as follows:

· UL: 1 bit for UE “AS capability” (L3 signaling)
· DL: 0-1 bit for eNodeB “AS capability” (L3 signaling) 
· DL: 1 bit for “AS Enable” (L3 signaling) 
· DL: FFS for “Period2” (L3 signaling) 

· DL: 0-1 bit for “AS decision” (L1/L2 control signaling) 
In the above, “Period2” is an optional field proposed for more flexibility. The other fields are necessary for enabling AS in UL LTE. Most of the AS control signals are at L3 level except for the AS decision. Though the 1 bit proposal for the AS decision is preferred, it could be replaced by the use of the sub-frame positioning of the UL grant message with the potential drawback of transmission timing restriction.
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