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In RAN #85 meeting, a WID for RF requirements towards NR FR 1 [1] has been updated as follows:
	· 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.


And during RAN4 #92bis meeting [2], following agreements have been achieved:
	· RAN4 recommendation on the length of UL switching period for defining UE RF requirements and capability reporting:
· [0]us, 35us, 140 us, [250]us
· RAN4 will decide whether 250us will be defined based on UE implementation in RAN4 #93 meeting.
· 0us cannot be achieved with the UE implementation of 2 Tx chains in total. RAN4 will decide whether 0us will be defined from RF requirements and/or capability reporting perspective for forward compatibility in RAN4 #93 meeting.
· The same length of switching period for switching from case 1 to case 2 and from case 2 to case 1.
· RAN4 does not preclude the possibility of down-selecting to the single value (e.g., one non-zero value) due to BS complexity issue and system performance.
· RAN4 does not preclude the possibility of introducing UE capability bit to allow different UE implementation. 
· Existing RAN4 requirements will be not impact by introducing of the length of UL switching period
· RAN4 agreement on the location of the switching period
· For EN-DC: in NR carrier
· For UL CA and SUL: semi-statically configured by RRC on one specific carrier of the two uplink carriers
· RAN4 agreement on the transient period
· Define transient period in addition to the switching period
· Length of transient period: 10 us for NR, 20 us for E-UTRA
· Additional time for PUSCH preparation procedure
· A potential issue was raised in RAN4 that UL switching period may impact PUSCH preparation procedure time.
· RAN4 can continue discussing on whether the PUSCH preparation time can happen in parallel with the switching time, based on the UE implementation.


After RAN1 provides feedback on above RAN4 agreements by LS reply, during RAN1 #99 meeting [3], more discussions have been proceed and the latest agreements are as following:
	Agreements: (in response to RAN4 LS)
· There is no RAN1 impact on the length of switching period.
· The determination of length of switching period is up to RAN4.
Agreements:
· In response to the RAN4 LS, RAN1 sees no issues on the location of the switching period.
Agreements: (in response to RAN4 LS)
· There is no RAN1 impact on the transient period.
· The determination of transient period is up to RAN4.
Agreements:
· If the UL switching period does not exist, additional time is not needed for PUSCH preparation procedure.
· If the UL switching period actually exists due to Tx switching
· Additional time is needed for PUSCH preparation procedure time.
· The length of the additional time will be decided in next RAN1 meeting.
Agreements:
· For standalone SUL
· No such issue of concurrent transmission between 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2.
· Assume RAN4 is discussing the RRC parameter to activate the Tx switching.
· For inter-band UL CA, UE is not expected to be scheduled 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2 simultaneously.
· It is captured in RAN1 spec.
· Assume RAN4 is discussing the RRC parameter to activate the Tx switching.
Agreements:
· For standalone SUL, if UL switching period is configured by RRC
· The switching period is not always applicable on the carrier configured with switching period.
· The switching period is only applicable when the scheduled UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.
· For each UL transmission occasion on a carrier, the existence of the switching period is determined one time every occasion.
Note: in the reply LS to RAN4, add a bit more details explaining UL transmission occasion based on 38.213.
Conclusion:
· The condition of the presence of the switching period for inter-band UL CA and inter-band EN-DC without SUL are to be captured in RAN1. 
· RAN1 will continue discussing the related issue and solutions (including the applicability period of switching (in terms of number of slot(s)).
· There is no additional RAN4 impact.


In this contribution our analysis and views on the remaining issues for SUL and EN-DC are provided.
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Discussion on the existence of the switching period for SUL
In the following agreements, for SUL case if the UL transmission are switched between two carriers, there are switching period and the PUSCH preparation procedure time is increased. In other words, if the uplink where current UL transmission occasion occurs is different from the uplink of the last UL transmission occasion, then PUSCH preparation procedure time is increased for the current UL transmission occasion. 
	Agreements:
· If the UL switching period does not exist, additional time is not needed for PUSCH preparation procedure.
· If the UL switching period actually exists due to Tx switching
· Additional time is needed for PUSCH preparation procedure time.
· The length of the additional time will be decided in next RAN1 meeting.
Agreements:
· For standalone SUL, if UL switching period is configured by RRC
· The switching period is not always applicable on the carrier configured with switching period.
· The switching period is only applicable when the scheduled UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.
· For each UL transmission occasion on a carrier, the existence of the switching period is determined one time every occasion.
Note: in the reply LS to RAN4, add a bit more details explaining UL transmission occasion based on 38.213.


Four examples are illustrated in Figure 1 where the switching period is configured on the SUL for a UE. 
· As example with slot 0 and slot 1 on SUL, if the UE proceeds UL transmissions in two or more consecutive slots on the SUL, there is no Tx switching between the two uplinks. Namely, PUSCH preparation procedure time is not increased.
· As example with slot 1 and slot 4, if the UE transmits in two non-consecutive slots on one uplink while it has no transmission on the other uplink within the period between the two non-consecutive slots, i.e. the last transmission occasion occurred on the same uplink as the current transmission occasion, there is no Tx switching between the two uplinks nor increased PUSCH preparation procedure time.
· As example with slot 4 and slot 5, obviously, there is Tx UL switching as the switching period in red for the consecutive slots. In this case, PUSCH preparation procedure time is increased.  
· As example with slot 6 and slot 8, there is also Tx UL switching for the non-consecutive slots. The switching period does not shorten the UL transmission on slot 8 thanks to blank transmission zone. Nevertheless, because of Tx UL switching occurrence, PUSCH preparation procedure time is increased.
[image: ]
Figure 1. Illustration of the switching period and additional PUSCH preparing time for SUL
Given the above examples, an observation is,
Observation 1: The judgement condition on which a switching period or an increment of PUSCH preparation procedure time are needed can be simplified as whether the last transmission occasion occurred on a different uplink from the current transmission.
It is general judgement condition, being applicable to both SUL and EN-DC scenarios. It is worth noting that it is also applicable to a particular scene where the current transmission is the first uplink transmission right after the operation mode of Tx UL switching becomes effective by RRC configuration. In this case, the last transmission which is taken into account for the judgment condition is the transmission right before the operation mode becomes effective. Therefore, to simply specification change, it is proposed as the following, whose corresponding TP can be found in section 2.2.4.
Proposal 1: To specify the judgement condition on which a switching period or an increment of PUSCH preparation procedure time are needed for the Tx UL switching operation of SUL and EN-DC, it can be simplified as whether the last transmission occasion occurred on a different uplink from the current transmission.
Discussion on the remaining issues for EN-DC with Tx switching 
0. On the concurrent transmission between uplinks
Whether concurrent UL transmission in scope of WID 
First of all, according to the scope of WID, RAN4 has an agreement in [2] to clarify that the term 1Tx in WID means one Tx chain instead of real transmission as below. 
	Agreements:
· Clarify in RAN4 that the “Tx” in the WID means Tx chain but not active Tx with UL transmission.


In the following content in the WID, in TS 38.101-3, it should be noted that  
	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.


The IMD issue has been identified for a particular set of band combinations as in Table 5.5B.2-1 of TS 38.101-3. A mechanism featured by UE capability tdm-pattern and also called as single uplink operation TDM pattern (SUO TDM pattern) is used to alleviate the IMD issue for those identified band combinations. But it does not mean that the applicability of SUO Case 1 is limited by those band combinations only because according to the definition for RRC parameter tdm-pattern TS 38.306, SUO TDM pattern in Rel-15 can be applied to two types of UEs and any EN-DC band combinations (not only for IMD issue) as highlighted below.  
	tdm-Pattern
Indicates whether the UE supports the tdm-PatternConfig for single UL-transmission associated functionality, as specified in TS 36.331 [17]. Support is conditionally mandatory in (NG)EN-DC for UEs that do not support dynamicPowerSharingENDC and for UEs that indicate single UL transmission for any (NG)EN-DC BC. Support is conditionally mandatory in NE-DC for UEs that do not support dynamicPowerSharingNEDC and for UEs that indicate single UL transmission for any NE-DC BC. The feature is optional otherwise.


Hence, applying SUO case 1 to Tx UL switching for EN-DC does not require any specification change to the Table 5.5B.2-1 of TS 38.101-3, i.e. it is not against the Note 3 in WID. In short, SUO is in scope of WID, on the contrast, concurrent UL transmission is not in scope of WID. 
Whether the existing SUO mode switching mechanism satisfy current requirement
As the existing mechanism, EN-DC UE can be switched between SUO mode and dual Transmission mode via RRC reconfiguration (TDM pattern configuration procedure defined in subclause 7.6.1 of TS 38.213). This mechanism can be directly applied to support the switching between Tx switching EN-DC mode and normal EN-DC mode which has concurrent UL transmission with 1Tx LTE and 1Tx NR. The gain to introduce a new mechanism for operation mode switching, such as dynamic mode switching, is unclear so far.
Observation 2: The concurrent UL transmissions have been supported in normal EN-DC mode. The network can operate a UE in either normal EN-DC mode or Tx switching EN-DC mode simply by RRC reconfiguration, which is the existing mechanism specified for SUO Case 1 in subclause 7.6.1 of TS 38.213. The gain to introduce a new mechanism for operation mode switching, such as dynamic mode switching, is unclear.
Whether it align with WID to introduce new mechanism to support the switching
Through Rel-15 and Rel-16, whether UL-MIMO mode is on or off is based on RRC configuration instead of DCI scheduling. As a result, the specification impacts required by the introduction of DCI-based dynamic mode switching between 1-port PUSCH and 2-port PUSCH is expected to be huge, which is against with the scope “minimize RAN1 spec impact” in the WID. 
Given the above analysis, there should be no NR UL transmission in “Case 1”, i.e. no concurrent LTE and NR transmission is supported in the new operation mode, but it can be achieved by RRC reconfiguration of switching to the normal EN-DC operation mode.
Proposal 2: For an EN-DC UE configured in Tx switching mode, there should be no concurrent UL transmissions between LTE and NR.
0. On how to determine a transmission in Case 1 or Case 2
Similar to determining whether UL carrier switching occurs or not in section 2.1, determining whether Case 1 or Case 2 is simple for the SUO mode of EN-DC. Case 1 means that UE only proceed LTE UL transmission on LTE carrier, and Case 2 means UE proceeds NR UL transmission in the NR slots/symbols, which are not overlapping with any LTE UL transmission occasions. Through the previous discussions, the SUO mode of EN-DC can be achieved by two ways, i.e. SUO TDM pattern and DCI-scheduling based SUO. The SUO TDM pattern is more preferred because it does not require real-time tight coordination between LTE eNB and NR gNB, neither requires tighter timeline for UE implementation. The existing mechanism specified for SUO TDM pattern should be reused with reasonable extension. To be specific, if a UE capable of dynamic power sharing receives NR UL scheduling corresponding to an overlapping LTE UL transmission, similar NR UL transmission dropping behavior in the subclause 7.6.1 of TS 38.213 for the single uplink operation of EN-DC can be reused. For the circumstance that there is no overlapping between LTE and NR UL transmission occasions, but the available switching period between LTE UL transmission and NR UL transmission is smaller than that required by the UE, then the corresponding NR UL transmission can be dropped. It would be better for UE implementation to allow only LTE PRACH transmission but no LTE PUSCH/SRS beyond the configured TDM pattern, because LTE PRACH is triggered by the UE itself or triggered by PDCCH order with an easier 6ms scheduling timing which can reduce the UE implementation for the dropping of NR UL transmission.
Proposal 3: For an EN-DC UE configured with Tx switching, and capable of dynamic power sharing, the definition of Case 1 and Case 2 and UE behavior should be:  
· Case 1: UE only proceeds LTE UL transmission on LTE carrier.
· Case 2: UE proceeds NR UL transmission on NR carrier in the slots/symbols which are not overlapping with LTE UL transmission.
· The UE behavior towards collision between Case 1 and Case 2 should follow the NR UL transmission dropping specified in the subclause 7.6.1 of TS 38.213 for the SUO of EN-DC UE. 
· If there is no overlapping between Case 1 and Case 2 but the switching period available between Case 1 and Case 2 is smaller than that required by the UE, then the whole NR transmission can be dropped.
· UE is expected to be configured with SUO TDM pattern, and only LTE PRACH transmission can be transmitted beyond the TDM pattern. 
If the UE is incapable of dynamic power sharing, then this UE is expected to be configured with TDM pattern to support the single uplink operation. Therefore, the LTE UL transmission occasions in all LTE UL subframes designated as UL by TDM-pattern are belongs to Case 1, the remaining NR UL transmission occasions which are not overlapping with LTE are belongs to Case 2. The existing UE behavior in Rel-15 for UE only capable of single uplink operation can be reused and no overlapping between LTE and NR UL transmission is allowed.
 Proposal 4: For an EN-DC UE configured with Tx switching, and incapable of dynamic power sharing, the definition of Case 1 and Case 2 should be:
· Case 1: UE proceeds LTE UL transmission on LTE carrier within the LTE UL subframes indicated by TDM pattern.
· Case 2: UE proceeds NR UL transmission on NR carrier that is not overlapping with the UL subframes indicated by TDM pattern and fulfills the switching gap required by the UE.
· UE is expected to be configured with TDM pattern.
0. On the existence of switching period
The discussions in section 2.1 can be also applied to EN-DC. To be specific, Tx switching will only exist if consecutive UL transmissions occur on different carriers (for example, NR slot 2 and LTE subframe 2 or LTE subframe 3 and NR slot 8) as depicted in Figure 2, but the additional time for the preparing procedure of PUSCH only exists in slot 8 on NR carrier. 
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Figure 2. Example of the switching period and the additional PUSCH preparing time for EN-DC

0. On the additional time for PUSCH preparing procedure
As discussed in above section 2.1, the specification about  in TS 38.214 should be changed as: 
	<Unchanged parts are omitted>
6.4	UE PUSCH preparation procedure time
If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting  after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block. 
-	N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2, where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in subclause 4.1 of [4, TS 38.211].
-	If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 
· For a UE configured with SUL and [RRC parameter Tx switching], if the last transmission occasion occurred on a different uplink from the current PUSCH transmission, then  equals to the round-up ratio of the reported switching time/[UE_cap_switching_time] divided by the OFDM symbol duration , otherwise .
· For a UE configured with EN-DC and [RRC parameter Tx switching], if the last UL transmission in is E-UTRA transmission, then  equals to the round-up ratio of the reported switching time/[UE_cap_switching_time] divided by the OFDM symbol duration , otherwise  
-	If the scheduling DCI triggered a switch of BWP, d2,2 equals to the switching time as defined in [11, TS 38.133], otherwise d2,2=0. 
-	For a UE that supports capability 2 on a given cell, the processing time according to UE processing capability 2 is applied if the high layer parameter processingType2Enabled in PUSCH-ServingCellConfig is configured for the cell and set to enable,
-	If the PUSCH indicated by the DCI is overlapping with one or more PUCCH channels, then the transport block is multiplexed following the procedure in subclause 9.2.5 of [9, TS 38.213], otherwise the transport block is transmitted on the PUSCH indicated by the DCI.
Otherwise the UE may ignore the scheduling DCI.
<Unchanged parts are omitted>



Conclusions
In this contribution, analysis towards the remaining problems of introducing Tx switching for EN-DC and SUL are provided. The following observations and proposals are given:
Observation 1: The judgement condition on which a switching period or an increment of PUSCH preparation procedure time are needed can be simplified as whether the last transmission occasion occurred on a different uplink from the current transmission.
Observation 2: The concurrent UL transmissions have been supported in normal EN-DC mode. The network can operate a UE in either normal EN-DC mode or Tx switching EN-DC mode simply by RRC reconfiguration, which is the existing mechanism specified for SUO Case 1 in subclause 7.6.1 of TS 38.213. The gain to introduce a new mechanism for operation mode switching, such as dynamic mode switching, is unclear.
Proposal 1: To specify the judgement condition on which a switching period or an increment of PUSCH preparation procedure time are needed for the Tx UL switching operation of SUL and EN-DC, it can be simplified as whether the last transmission occasion occurred on a different uplink from the current transmission.
Proposal 2: For an EN-DC UE configured in Tx switching mode, there should be no concurrent UL transmissions between LTE and NR.
Proposal 3: For an EN-DC UE configured with Tx switching, and capable of dynamic power sharing, the definition of Case 1 and Case 2 and UE behavior should be:  
· Case 1: UE only proceeds LTE UL transmission on LTE carrier.
· Case 2: UE proceeds NR UL transmission on NR carrier in the slots/symbols which are not overlapping with LTE UL transmission.
· The UE behavior towards collision between Case 1 and Case 2 should follow the NR UL transmission dropping specified in the subclause 7.6.1 of TS 38.213 for the SUO of EN-DC UE. 
· If there is no overlapping between Case 1 and Case 2 but the switching period available between Case 1 and Case 2 is smaller than that required by the UE, then the whole NR transmission can be dropped.
· UE is expected to be configured with SUO TDM pattern, and only LTE PRACH transmission can be transmitted beyond the TDM pattern.
Proposal 4: For an EN-DC UE configured with Tx switching, and incapable of dynamic power sharing, the definition of Case 1 and Case 2 should be:
· Case 1: UE proceeds LTE UL transmission on LTE carrier within the LTE UL subframes indicated by TDM pattern.
· Case 2: UE proceeds NR UL transmission on NR carrier that is not overlapping with the UL subframes indicated by TDM pattern and fulfills the switching gap required by the UE.
· UE is expected to be configured with TDM pattern.
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