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1. Introduction

RAN#85 approved the revised WID for FR1 RF requirements in [1], capturing the proposals for UE requirements to support the switching between 1Tx carrier and 2Tx carrier as copied below.

	· Specify UE requirements to allow switching between case 1 and case 2 as below for two uplink carriers case inter-band EN-DC without SUL, inter-band UL CA and standalone SUL for UE supporting maximum two concurrent transmission 

Case 1 
1 Tx on carrier 1 and 1 Tx on carrier 2
Case 2 
0 Tx on carrier 1 and 2 Tx on carrier 2 
· UE RF requirements, e.g., time mask RF requirements and other necessary RF requirements if any

· The options agreed at RAN4 #92 in R4-1910531 can be considered as starting point

· Study if there are any impact to interruption and delay requirements, and specify the RRM requirements if needed

· RAN1 will further study by Dec 2019 if there are any RAN1 potential impacts based on RAN4 LS if any

· No new TDM pattern will be defined, i.e. scheduling-based switching is assumed. 

· Finalization of RAN4 requirements and approval of RAN4 CRs shall be based on RAN1 LS  

· Strive to minimize RAN1 impact. 

· Strive to achieve no impact to RAN1 E-UTRAN spec 

· Strive to avoid defining location of switching period impacting RAN1 spec 

· Define per band per band combination or per band combination UE capability signaling if needed
Note 1: Only addressing the case of co-located and synchronized network deployment for the two UL carriers

Note 2: Only addressing the case of single TAG for the two UL carriers for SUL and for UL CA

Note 3: The above objectives will not relax the existing requirements specified in Rel-15 38.101-3 for band combinations allowing single uplink transmission

Note 4: The UE is configured with two different uplink carrier frequencies.


According to the approved WF in [2], which serves as the reference of the revised WID for switching between 1Tx carrier and 2Tx carrier, RAN4 will mainly discuss the length of the switching time mask and the location of the switching period. Further, based on the RAN4 discussion, an LS is expected to inform RAN1/RAN2 the consensus in RAN4 as part of the cross WG cooperation within the scope of the item.
This contribution presents discussions on some technical insights upon the open issues above. First we talk about the length of the switching period and list possible UE implementation according to the previous inputs. We propose to confirm 35us as an UE capability for the switching period length between 1Tx carrier and 2Tx carrier and we propose not to allow too large period as a capability of supporting the switch between 1Tx carrier and 2Tx carrier. Next we discuss the location of the switching period since we need to specify clearly on which carrier the switching period should be accommodated so as to guarantee a fair performance by avoiding losing scheduling. A companion LS in [3] is to inform RAN1 about the consensus in RAN4.
2. Discussion
2.1. Length of the switching periods

The allowed length of the switching periods in the specification should be according to mature considerations upon UE implementation. In the last RAN4 meeting, we have seen the proposals from different vendors on the length of the switching period according to various kinds of RF and baseband implementations [4]. It is agreed that,

	· Based on the input in this meeting, consider different UE capabilities for the length of switching period, including 0us, 35us, 140 us, 900 us.
· Other options are not precluded

· Technical analysis on the numbers are encouraged

· For UEs supporting switching period larger than [X] us, it can be assumed that this UE does not support the Tx switching between two uplink carriers.

· Intend to limit the number of options if possible




Further in RAN#85, we can refer to [5] the summary of the possible ways of implementing UE to have various lengths of the switching periods.

	· ~0 us switching period:

· Implementation 1: 3 transmitters, 3 PAs, 3 independent power suppliers 

· 35 us switching period:

· Implementation 1: Switch of the connections for the shared components, e.g., PLL, power supplier, PA module, filter, switch, etc.
· 140 us switching period:

· Implementation 1: PLL relocking and PA switching

· Implementation 2:  3 PAs with 2 ETs

· 900 us switching period:

· Implementation 1: whole BB and TX chain need to be retuned


In Figure 1 we show the concept of switching between 1Tx uplink carrier and 2Tx uplink carrier for SUL.
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Figure 1: Concept of switching between 1Tx uplink carrier and 2Tx uplink carrier

Among the above candidates, we consider 35us as the most beneficial one since under the mainstream restriction of 2 concurrent Tx chains it yields the best performance by achieving the shortest period (1 symbol under 30k SCS). The possible implementation for 35us can be considered as in Figure 2.
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Figure 2: Possible implementation for 35us switching period

Besides, it is proposed by companies that 140us of switching period should also be allowed especially for some band combinations and some implementations where separate PA/PLL-s is difficult to implement. The possible implementation for 140us is provided in Figure 3.
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Figure 3: Possible implementation for 140us switching period
For 0us switching period, our understanding is that the UE has to implement 3 dedicated Tx chains including transceiver, PA and power supply to achieve 0us switching period, which may go beyond the current mainstream implementation and needs higher cost, complexity and power consumption.
The company proposed 900us in the last meeting. The possible reason of having such a long interruption for SUL seems that a baseband is shared between 1Tx UL carrier and 2Tx UL carrier and when the switching between 1Tx and 2Tx happens the software for that baseband needs be reloaded, which takes long time. Such implementation implies that one NR Tx baseband could not handle both 1Tx and 2Tx transmissions. 
In our view, to avoid reloading software, either two dedicated basebands are used for SUL and NR UL separately, or the shared baseband should be able to support both 1Tx and 2Tx transmissions. Compared to two dedicated basebands, the shared baseband which can support both 1Tx and 2Tx transmissions is the better solution. In that way, the better performance for switching between 1Tx carrier and 2Tx carrier can be achieved. The baseband capability is relevant to the supported peak data rate and limited by the size of memory and processing speed including pipeline. The baseband should support the different functionalities, like typical case where the same baseband is shared in TDM manner for 1-port PUCCH/PRACH processing and 2-port/1-port PUSCH in successive slots. It seems unreasonable that the new software needs be downloaded when there is switching between PUCCH/PRACH and PUSCH transmissions.
Furthermore, from system performance point of view, it is difficult to allow 900us switching period to be a valid value for the UE supporting switching between 1Tx carrier and 2Tx carrier, since it loses too much scheduling opportunities (900us equals almost 2 slots under 30k SCS). Now that it is agreed in the RAN4#92 meeting that for UEs supporting switching period larger than [X] us, it can be assumed that this UE does not support the Tx switching between two uplink carriers, we propose to consider 900us implementation as being incapable of switching between 1Tx carrier and 2Tx carrier when the UE reports the capability.
Proposal 1: Specify 35us and 140us as the only two options from which a UE choose to report its capability of the switching period for SUL case.

Proposal 2: If any UE has longer switching period than 140us, it should report no support of switching between 1Tx carrier and 2Tx carrier for SUL case.

2.2. Location of the switching periods
RAN4 needs to specify the UE requirements for switching between 1Tx carrier and 2Tx carrier including the length and location of the switching periods. In this section we discuss on which carriers the switching period should be located for the target user so as to achieve optimal performance for SUL.
One principle under consideration is to avoid the interference to other user’s PUCCH(s) carrying HARQ ACK/NACK which shares the same resources in time-domain OCC (orthogonal cover code) manner with the target user on an uplink carrier where the switching period is located. Assume that the configured duration for PUCCH(s) on the carrier is 14 symbols. If the switching location is on that carrier, then one or a number of OFDM symbols in PUCCH for the target user should be punctured and thus will cause the loss of CDM orthogonality between PUCCHs of the target user and other users, which will cause higher inter-user interference to PUCCHs and degrade their performance. 
In order to address that issue, it is natural for the UE configured with SUL to locate the switching period on the carrier that is without PUCCH configuration. It is feasible since there is only one PUCCH group is used for SUL, which is aligned with the restriction in the WID. Thus it is proposed that the switching period(s) are located on the carrier that is without the configured PUCCH.
It is proposed that,

Proposal 3: For UE switching between 1Tx carrier and 2Tx carrier with the single PUCCH group configured, locate the switching periods on the carrier without PUCCH configuration.

2.3. Time mask requirement
In the WID, the objective is read that Specify UE requirements to allow switching between case 1 and case 2… As discussed above two aspects are essential: the switching period and the location of switching period. In our view, the time mask requirements can cover both aspects. It is sufficient to define the time mask requirement to complete the objective to specify UE RF requirement for switching between 1Tx UL carrier and 2Tx UL carrier.
Proposal 4: Defining the time mask requirement is sufficient for specifying UE RF requirements to allow switching between case 1 and case 2 for SUL case.
3. Conclusion
This contribution presents discussions on some technical insights upon the open issues mentioned above. 
First we talk about the length of the switching period and list possible UE implementation according to the previous inputs. We propose to have 35us confirmed as an UE capability for the switching period length between 1Tx carrier and 2Tx carrier and we propose not to have too large a period as a capability of supporting the switch between 1Tx carrier and 2Tx carrier. 
Next we discuss the location of the switching period since we need to specify clearly that on which carrier the switching period is to be accommodated so as to guarantee a fair performance by avoiding losing scheduling. A companion LS in [3] is to inform RAN1 about the consensus in RAN4. 
Proposal 1: Specify 35us and 140us as the only two options from which a UE choose to report its capability of the switching period for SUL case.

Proposal 2: If any UE has longer switching period than 140us, it should report no support of switching between 1Tx carrier and 2Tx carrier for SUL case.

Proposal 3: For UE switching between 1Tx carrier and 2Tx carrier with the single PUCCH group configured, locate the switching periods on the carrier without PUCCH configuration.

Proposal 4: Defining the time mask requirement is sufficient for specifying UE RF requirements to allow switching between case 1 and case 2 for SUL case.
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