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1. Introduction
RAN4 has received LS from RAN1 [1] asking: “RAN1 respectfully asks RAN4 to provide guidance on constraints if introducing SRS hopping across different OFDM symbols within a slot.” LS also asks for “guidance on UE RF implementation aspects that may place constraints of the SRS hopping pattern”. This paper discusses various aspects on 4rx SRS hopping. 
2. Discussion

Even LS does not mention 4rx, this paper concentrates on 4rx case since 2rx cases can be easily derived from 4rx analysis. First, we need to establish what are assumed reference designs for this case. LS talks about frequency spans and hopping bandwidth. For bandwidth reconfiguration and LO retuning, RAN4 has already discussed in [2] based on agreement in [3] what the times are. Same would apply for SRS. 

2.1. SRS on different antenna ports

In addition to different frequencies, SRS may need to be sent to other ports in the UE. There are three different architectures how UE can sound all four antenna ports depending on numbers of PAs UE has. In Figure 1, architectures are shown. Reader should note that this is just conceptual for this case and e.g. duplexers and antenna switches needed to include more than one band have been left out.  
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Figure 1 Three different UE architectures for sounding all four antenna ports, one PA in (a), two PA (UE supports UL-MIMO) in (b) and four PA in (c)

For all cases, SRS for Antenna 1 can be sent when ever it is scheduled given other constrains such and LO and BW retuning. For one PA architecture, Antenna 2 can be sounded after PA power has ben ramped down, switch state has to be changed and then PA can power can be ramped again up. During this process, OFF power does not need to be reached since PA can be disconnected from the antenna. In our analysis, we concluded that we needed 15 usec to between end of previous SRS to the beginning of next SRS. This is well below one symbol length of 60 kHz SCS (17.8 usec) and therefore following pattern can be created to sound all antennas.

Proposal 1: Antenna switching time i.e. time between end of transmission in antenna port n and begging of transmission in antenna port n+1is 15 usec.

All four antennas can be sounded within one minislot (7 symbols). The slot structure is drawn to tentative SC-TII format but the 7 symbol “SRS minislot” highlighted with a blue box in Figures 2 and 3 can be applied to any frame structure.  
[image: image2.emf]PDCCH

DMRS

Tx1/Rx1

Tx1 



Rx2

Tx1 



Rx3

Tx1 



Rx4

SRS

PDCCH

SRS

SRS

SRS

PDCCH

PDCCH


Figure 2 SRS for 4Rx antennas for one PA architecture. 

UE which declare support for TX diversity but do not support 4RX SRS even 4RX is supported, can sound only two ports. For this case, the pattern is what is shown in Tx1/Rx1 and Tx1->Rx2 of Figure 2.
For UE architecture with two PAs, if UL MIMO is configured and both TX chains are on, the pattern for SRS is even shorter since two antennas can be sounded simultaneously. One symbol in between is needed for switching. 
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Figure 3 SRS for two PA UE architecture

This is valid only if UL MIMO is configured. If UL MIMO is not configured, network has two options: 1) configure UL MIMO and then request SRS sequence according to Figure 3 or 2) no do configure UL MIMO and request SRS sequence according to Figure 2. For UE, the implementation must support both cases i.e. also when there are two PAs, PA1 must be able to sound all antenna ports.

For 4 PA architecture, all the antennas can be sounded simultaneously. However, it is expected that this will not be implemented since there is no 4Tx feature.
For 15 and 30 kHz SCS, the time needed for switching RF components states is same but since that takes some finite time, the consecutive symbols can not be used in or transmission on different antenna ports.  Analysis in this sub-section applies for cases when LO retuning or BW reconfiguration is not needed.  
2.2. Sub band sounding

It was discussed in [2] based on [3] that following times are needed:

a) BW reconfiguration: 20 usec

b) LO retuning (sub band to another sub band) : 50~200 usec

c)  Changing band: up to 900 usec but other values (0, 30, 100, 200, 500, 900) can be applicable also

All of the operations above can be parallelised with the antenna switching so those determine the frame structure. Since SRS patterns are not known, a general structure for different cases can not be determined at this stage. 

One option is to configure UE to wide band mode and then BW reconfiguration would not be needed if UE supports the intended full range SRS configurations. In this case LO retuning or BW reconfiguration is not needed and frame structures in Figure 2 and 3 can be used. 

2.3. Carrier aggregation cases

SRS behaviour for UE that supports UL CA should be clarified.  For interband CA, if UE supports 4RX or UL MIMO for both bands simultaneously, SRS can follow pattern in sub-section 2.1. 

For intra-band contiguous ULCA, SRS treatment can not be independent for each CC. 3GPP reference architecture and also most common implementation is single TX chain that covers both CCs. If CC1 is asked to sound other antenna ports, also transmission in CC2 has to be stopped and if sounding is done assuming TX is set up for CC1 only, meaning SEM and ACLR must be met, then a BW reconfiguration and LO retuning time must be allowed before SRS pattern can be started. This can be done in two ways

1) Detach CC2 and configure UE to CC1 mode only. After this configuration, patterns in sub-sections 2.1 can be followed.

2) Send SRS to Tx1 first, then detach CC2 and send SRS to Tx2, 3 and 4. In this case, a longer period between SRS to Tx1 and Tx2 is needed for UE reconfiguration.
Option 2 is not very favourable since the long latency in sounding may decrease the benefits for sounding. 

Alternative, more favourable, option is to configure SRS for both CCs at the same time and then again patterns in sub-section 2.1 are applicable.  

Same applies for intra-band non-contiguous ULCA, the 3GPP reference architecture is single TX chain and 3GPP minimum requirements should support reference architecture.
For UE that supports UL MIMO for UL CA, similarly patterns in sub-section 2.1 apply for two PA case if UL MIMO is configured. If not, then same two options apply for network, configure UL MIMO and then schedule SRS or schedule single TX SRS pattern. For UL CA, from PA HW point of view, the other PA could be used for SRS and the other remain for other transmission on the other CC. However, since for UL MIMO and for contiguous intraband ULCA, TX chains share the LO, UE may support UL MIMO and ULCA but is still not able to send different signals to different antenna ports. If UE has two TX LOs, then independent SRS and other CC transmissions can be applied. 
2.4. Maximum Power impact due to transmitting secondary antennas

 Switching PAs to secondary or RX antennas will mean larger losses from PA to antenna connector. The multi output switches may be optimised to for low insertion losses between PA input port and primary TX antenna (PA1 to Ant1 in Figure 1 (a) ) or more importantly, MIMO antennas, Ant3 and Ant4 maybe placed further away in the device and routing losses (cable, transmission lines etc.) become substantial. These losses maybe up to 3 dB. It is difficult to distinguish by standard which antennas will experience larger losses and therefore we propose that a maximum output power degradation of 3 dB is allowed when non-TX antenna is sounded. This parameter can be band dependent also. 
Proposal 2: Maximum power capability is reduced by 3 dB when an antenna port that is not designated as TX antenna port is sounded   
This would need to be taken in to account in PCMax calculation with an introduction of new constant term TRxSRS as described below.
Proposal 3: Include loss due to sounding Rx port in to the PCMax formulas in the following way
PCMAX_L,c = MIN {PEMAX,c – TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc + ΔTIB,c + TC,c + TProSe + TRxSRS, P-MPRc)}

· TRxSRS is 3 dB and is applied when UE transmits SRS to the antenna port that is designated as Rx port
2.5. UE behaviour for power difference
Since UE will have reduced maximum power capability, it should be discussed what is expected UE behaviour. It is assumed that UE knows the additional loss from PA to RX antenna ports since it is design dependent and expectation is that it does not vary too much from one sample to an other sample. Expected UE behaviour may be one of the following: 

A) UE compensates the additional loss at lower power levels and aims to deliver SRS to all antennas ports with equal power. Only when maximum power capability is reached, the power of SRS’s will differ 

B)    UE will maintain same power difference between antennas indicated by the maximum power capability reduction through out the whole power range  

Not all UEs maybe capable of compensating the loss and some networks may prefer different behaviour. The should be a method to distinguish if UE is capable of compensation or not and a method for network to indicate if it prefers compensated SRS power and allow degradation only at max power or if it prefers to keep the difference same regardless of power level up until max power.

Proposal 4: UE will indicate its capability to compensate for power loss when SRS power is lower than  TRxSRS

Proposal 5: Networks will signal UE if it should or compensate for the power loss and transmit SRS with same power when power level is TRxSRS below maximum power
3. Conclusion
We discussed practical implementation aspects for SRS switching. The conclusion is for 60 kHz and lower SCS, every other symbol can be sounded for different antenna ports. For UL MIMO capable UL, there is a possibility for simultaneous sounding of different ports and the total length of the sequence is shorter but this can be applied only after UL MIMO is configured for that UE. We made one proposal regarding the antenna port switching time:
Proposal 1: Antenna switching time i.e. time between end of transmission in antenna port n and beging of transmission in antenna port n+1is 15 usec.

For intraband UL CA cases, since the reference architecture is single PA, any transmission including SRS on PCell must be sent to same antenna port as SCell. Again, if UE supports ULCA and UL MIMO, two antenna ports can be sounded simultaneously but all CCs must be sent to same antenna ports. 
If UE is in BW reduction mode or if other channels must be sounded, times for changing BW, retuning LO or waking up a new TX chains have already been discussed in [3]. 

We discussed the power loss when sending SRS to RX antenna ports, and made two proposals, first concerning the maximuj power reduction due to larger rounting and switch losses associated to the RX ports

Proposal 2: Maximum power capability is reduced by 3 dB when an antenna port that is not designated as TX antenna port is sounded   
And how to incorporate this to the technical specifications

Proposal 3: Include loss due to sounding Rx port int o the PCMax formulas in the following way
PCMAX_L,c = MIN {PEMAX,c – TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc + ΔTIB,c + TC,c + TProSe + TRxSRS, P-MPRc)}

· TRxSRS is 3 dB and is applied when UE transmits SRS to the antenna port that is designated as Rx port
We discussed expected UE behavior in regards of this additional power loss and noted that there are two possible UE behaviours in this case. A) Either power difference is compensated until max power is reached or B)  constant power difference is maintained through out the power range. Since UE could do both and networks maybe difference, we made two proposals:

Proposal 4: UE will indicate its capability to compensate for power loss when SRS power is lower than TRxSRS

Proposal 5: Networks will signal UE if it should or compensate for the power loss and transmit SRS with same power when power level is TRxSRS below maximum power
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