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1 Introduction
RAN4 has received an LS from RAN1 regarding SRS transmission in NR in [1]. According to the LS, “RAN1 is discussing the possibility of enabling SRS hopping across different OFDM symbols within a slot.” 

The LS also mentions that: “In addition to other aspects that need to be investigated in RAN1, RAN1 respectfully asks RAN4 on guidance on UE RF implementation aspects that may place constraints (e.g., the maximum frequency span of the SRS hopping bandwidth) of the SRS hopping pattern, e.g., taking into account the required time for frequency re-tuning (if re-tuning needed) or transient period if re-tuning is not needed”.
In this contribution, we provide Ericsson views related to the questions and issues raised by RAN1 in the LS. Based on these discussions, we provide a draft LS in [2]
2 SRS transmissions in NR 
As described in [1], “For an X-port SRS resource spanning N adjacent OFDM symbols within the same slot, all X ports may be sounded in each of the N symbols but in a different portion of the band for each symbol.”

In the figure below (i.e. Figure 1), we show the SRS design in general for NR. All X ports are sounded in each OFDM symbol. If hopping is not configured, then the same bandwidth would be sounded for all ports in all 4 symbols. If hopping is configured, then different portions of the band would be sounded, but in each symbol, all ports would still be sounded in each hopping subband (as shown in Figure 2).
[image: image1.emf]UL cell bandwidth

OFDM 

symbol #4

OFDM 

symbol #5

OFDM 

symbol #6

OFDM 

symbol #7

UL cell bandwidth

OFDM 

symbol #4

OFDM 

symbol #5

OFDM 

symbol #6

OFDM 

symbol #7


Figure 1 SRS transmissions in NR (when hopping is not considered.)
[image: image2.emf]UL cell bandwidth

OFDM 

symbol #1

OFDM 

symbol #2

OFDM 

symbol #3

OFDM 

symbol #4

SRS transmissions in part of UL BW

SRS hopping is different parts 

of the UL bandwidth when 

the SRS transmissions are 

hopped in time (i.e. between 

consecutive OFDM symnols)


Figure 2 SRS transmissions in NR (when hopping is considered)
3 Hopping strategies 
The SRS hopping strategies will depend on two main impacts: 

1. What kind of UE capabilities are expected in any UE?
2. What are impact of transient time when different subcarrier spacing is used in the system? 
In relation to SRS transmission and SRS hopping, the SRS configuration which includes SRS hopping bandwidth will play an important role, along with UE bandwidth capabilities. In general, if the bandwidth span  
3.1 Impact of UE capabilities

The UEs may support only part of the UL cell bandwidth in NR. This is different compared to LTE. As it is presented in a previous RAN4 contribution [3], there can be several cases:

· UE may support only one RF chain supporting part of the UL cell bandwidth. Depending on the tuning range of the RF transmitter, the UE may need to retune when the UE is required to transmit SRS in BW parts outside its current configured bandwidth. According to previous RAN4 stuides related to SRS switching WI [4], the returning time can be anything between 50-200us regardless of the maximum frequency span within which the hopping should occur. 
· UE may support more than one RF chain to support part or full cell bandwidth. Also, UE may support the whole UL cell bandwidths with one single RF chain. In these cases, the SRS hopping will be impacted by UE transient time. This is discussed in Section 3.2 below.    
When 50-200us of returning time is required for SRS hopping, then it will not be possible to perform SRS hopping within the same slot in NR, instead the SRS hopping should occur in between slots. This is shown in the Figure 3 below. As shown in the figure below, when the UE configured BW is smaller than the total SRS hopping BW (i.e. the bandwidth span on which SRS transmission need to be done), then due to the returning time required at the UE, the hopping can only happen between slots.
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Figure 3 Hopping in between slots
On the other hand, when UE configured BW is larger or equal to SRS hopping span, then the hopping can be done within a slot, i.e. between the consecutive OFDM symbols, this is shown in Figure 4.
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Figur 4 Hopping in between OFDM symbols within a slot

3.2 Impact of UE transient time and different subcarrier spacing

In general, without even configuring any SRS hopping, there is an impact of UE transient time as agreed in RAN4 and the subcarrier spacing used in the system. 

In previous RAN4 meeting, we agreed following ON-to-OFF and OFF-to-ON transition time for NR UE:

1. 10us for sub6GHz NR UE

2. 5us for mmWave NR UE

For most of the SRS transmissions, there may not be any need for power change for SRS transmissions between consecutive OFDM symbols. In some cases, if the SRS bandwidth is changed for SRS transmissions between consecutive symbols, then the power levels would be required to change. In that, a transient time will be required between consecutive SRS symbols. It will be 20us and 10us for sub6GHz and mmWave NR UE, respectively. It is worth mentioning here that, the transient time can be taken as smaller than 20us and 10us, if we consider that, ON-to-OFF transition time may be shorted compared to ON-to-OFF transition time.

We show the OFDM numerology with respect to different sub-carrier spacing in the table below. When 120kHz subcarrier spacing is considered, then the OFDM symbol duration is 8.93us, while the transient time is 10us for mmWave case.  In this case, two options can be adopted:

· Prohibit SRS transmissions in consecutive OFDM symbols if power need to be changed for subcarrier spacing higher than certain values 
· at least one OFDM symbol may be lost in between two SRS transmissions, for certain SCS, e.g. 120kHz, when SRS power need to be changed.  
	Subcarrier spacing
	15 kHz
	30 kHz 
(2x15 kHz)
	60 kHz
(4x15 kHz)
	120 kHz
(8x15 kHz)
	240 kHz
(16x15 kHz)

	Example slot duration
	500 µs
	250 µs
	125 µs
	77.5 µs
	38.75 µs

	OFDM symbol, duration
	66.67 µs
	33.33 µs
	16.67 µs
	8.335 µs
	4.1675 µs

	Cyclic prefix, duration
	4.76 µs
	2.38 µs
	1.19 µs
	0.595 µs
	0.2975 µs

	OFDM symbol including cyclic prefix
	71.43 µs
	35.71 µs
	17.86 µs
	8.93 µs
	4.465 µs


4 Summary
In this contribution, we discussed SRS hopping issues for NR. We summarize our understanding below:

·   UE may have only one RF chain supporting part of the UL cell bandwidth. Depending on the tuning range of the RF transmitter, the UE may need to retune when the UE is required to transmit SRS in BW parts outside its current configured bandwidth. This returning time can be anything between 50-200us regardless of the maximum frequency span within which the hopping should occur. In this case, SRS hopping can be done in between slots.

· When UE configured BW is larger or equal to SRS hopping span, or UE has more than one RF chains or UE supports full UL cell bandwidth with one RF chain, then the hopping can be done within a slot, i.e. between the consecutive OFDM symbols.
· Regardless of SRS hopping, in general, there is an impact of UE transient time for SRS transmissions between consecutive OFDM symbols, if there is a need to change power for SRS transmissions between consecutive OFDM symbols. For larger subcarrier spacing, some transient in the order of an OFDM symbol may be needed if SRS power need to be changed. 
Based on these above understanding, we proposed a reply LS to RAN1 in [2].
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6 Appendix: RAN1 LS on SRS hopping: R1-1709836 (R4-1707014)
1. Overall Description:

RAN1 is discussing the possibility of enabling SRS hopping across different OFDM symbols within a slot. For an X-port SRS resource spanning N adjacent OFDM symbols within the same slot, all X ports may be sounded in each of the N symbols but in a different portion of the band for each symbol. 

In addition to other aspects that need to be investigated in RAN1, RAN1 respectfully asks RAN4 on guidance on UE RF implementation aspects that may place constraints (e.g., the maximum frequency span of the SRS hopping bandwidth) of the SRS hopping pattern, e.g., taking into account the required time for frequency re-tuning (if re-tuning needed) or transient period if re-tuning is not needed. 

Note that RAN1 also made a related agreement as follows 
·  Support switching between partial bands for SRS transmissions in a CC

· At least when an UE is not capable of simultaneous transmission in partial bands in a CC 

· Consider RF retuning requirement for partial band switching

· Note: definition of partial band is equivalent to “bandwidth part” definition in wider bandwidth operation agenda item

2. Actions:

To RAN 4
ACTION: 
RAN1 respectfully asks RAN4 to provide guidance on constraints if introducing SRS hopping across different OFDM symbols within a slot. 

