3GPP TSG-RAN WG2 #99bis















R2-1710608
Prague, Czech Republic, October 9-13 2017


Agenda item:

10.2.7
Source:
Intel Corporation

Title:
Support of single UL TX
Document for:

Discussion and Decision
1      Introduction
In RAN #77, RP-172064 and RP-172085 were endorsed as a way forward on single uplink transmission and RP-172085 describes the capability signaling that RAN2 needs to complete the capability signaling as tasked in RP-172100. 

	· Signalling to be defined to support the 'red text' from RAN4 part of the single tx discussion (i.e. as in RP-172064):
· UE capability indicates that the UE does not allow 2 simultaneous UL transmission for the RAN4 specified channel allocations in a given band combination. If the network chooses to operate the UE in a way that is not consistent with this capability indication then the UE behavior is not specified and the UE might not meet the performance criteria.


In this document, we discuss the overall aspects to support single uplink transmission for EN-DC. 

2      Discussion
TDM operation/configuration
RAN1 already agreed the following in support for single uplink transmission. 
	· When the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), but the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers

· UE can be configured with 

· Case 1: DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell 

· For scheduling/HARQ timing of LTE FDD carrier, DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell is applied

· UE is allowed to transmit NR UL signals at least in the subframe(s) where LTE UL transmission is not allowed according to the DL-reference UL/DL configuration

· FFS whether or not a UE-specific subframe offset for the DL-reference UL/DL configuration can be configured considering system resource utilization and potential spec impact

· Case 2: Release 15 LTE-FDD HARQ timing

· No impact on LTE RAN1 specifications

· Note: it doesn’t necessarily imply that UE has to support both cases

· 


In our understanding, for LTE part, RAN1 agreed the following two approaches. 

· Approach 1: Uplink transmission is limited similar to LTE-FDD-SCell in LTE TDD-FDD CA with LTE-TDD-PCell. The scheduling/HARQ timing is based on the DL reference UL/DL configuration. 
· Approach 2: same as Rel-15 LTE-FDD HARQ timing. There is any change in LTE operation. And uplink transmission is restricted by network implementation. 

In the approach 1, it is necessary for the eNB to configure the DL reference UL/DL configuration although it was not separately signaled in LTE FDD-TDD CA. 
In NR, since asynchronous HARQ is used, the gNB can avoid uplink transmission by using scheduling only. Therefore, as RAN1 agreed, no RRC signaling is needed in NR. 

Proposal 1: in LTE, TDD UL/DL configuration can be explicitly configured via RRC signaling to restrict scheduling/HARQ timing for TDM operation. In NR, there is no RRC signaling to be defined. 
It is also needed to coordinate between eNB and gNB on the TDM pattern regardless whether or not TDM pattern is signaled to the UE so that eNB and gNB do not schedule uplink transmission in subframes reserved to other RAT.    
Proposal 2: TDM pattern is introduced in Xn signaling. 
Depending on when the exact MR-DC BC configuration is decided, there could be several ways that MN and SN coordinate TDM pattern.

· Case
1: the need of TDM operation is clear when MN request to add SCG requiring TDM.  

· It is the case when all candidate MR-DC BCs include the difficult BC. In this case, MN can enable TDM operation with the preferred TDM pattern. Similar to other capability coordination procedure, SN may accept the preferred TDM pattern or reject it. 

· Case 2: the need of TDM operation is clear when SN decide which band is configured in SCG. 
· It is the case when not all candidate MR-DC BCs include the difficult BC requiring TDM. In this case, SN can request MN to enable TDM operation with the preferred TDM pattern. Similar to other capability coordination procedure, MN may accept the preferred TDM pattern or reject it.

Proposal 3: either MN or SN can enable TDM operation with a preferred TDM pattern and the other node is allowed to reject it.  
UE capability signaling

Based on RAN agreement, there are three types of band combination. 

· Easy BC & intermediate BC: simultaneous UL TX is mandatory. 

· Difficult BC: simultaneous UL Tx is optional. 

For difficult BC, 1 bit capability signaling per MR-DC band combination should be defined to indicate that the UE does not support simultaneous UL transmission between LTE and NR. On the other hand, there is no capability signaling needed for simultaneous UL transmission for easy/intermediate BCs. 
Since the categorization of band combinations is up to RAN4, it is not necessary to know the detailed categorization in RAN2. In RRC spec, we can simply add the capability bit per MR-DC band combination and describe the bit is only applicable for BCs that are defined in RAN4.  

Proposal 4: 1 bit capability signaling per MR-DC band combination is defined to indicate whether that the UE does not support simultaneous UL transmission between LTE and NR. 

Proposal 5: Only MR-DC band combinations that are allowed in RAN4 should indicate the 1 bit capability signaling.  

During RAN plenary discussion, the discussion mainly focused on 2 UL bands (one for LTE and one for NR) because it would be concerned scenario. However, from the specification point of view, the capability signaling should be generalized to cover MR-DC BC having more 3 UL Bands.

From our understanding, assuming a MR-DC BC includes 4 UL bands (e.g. band1 &2 for LTE, band 3&4 for NR), if band 1&3 are difficult BC while band 1&4, band 2&4, band 2&3 are not difficult BC, the simultaneous transmission between band 1&4, band 2&4, band 2&3 should be possible. 

One reasonable approach would be to define 1 bit capability signaling for a certain uplink MR-DC BC such that UE does not support simultaneous uplink transmission for any RAN4 defined difficult UL band combination pairs (one for LTE and one for NR) that is are a subset of this MR-DC BC. 
For example, assuming a MR-DC BC includes 4 UL bands (e.g. band1 &2 for LTE, band 3&4 for NR), if band 1 &3 and band 2&4 are difficult BC, 1 bit signaling of this 4 UL bands indicates that simultaneous transmission is not supported for both band 1&3 and band 2&4.

Based on RAN2 agreement on fallback combination signaling, if band1&3 can support simultaneous uplink transmission, while band 2&4 cannot support simultaneous uplink transmission, the UE can indicate MR-DC BC explicitly for band 1&3 and band 2&4 separately and 1 bit capability signaling is not included for MR-DC BC with 4 UL BC. 

Proposal 6: 1 bit capability signaling of a MR-DC BC is defined to indicate whether simultaneous uplink transmission is not supported for any difficult BCs pair that is the subset of the MR-DC BC.     

3      Conclusion
In this contribution, we discussed a number of RAN2 aspects to support single UL TX for MR-DC based on RAN plenary agreements. Based on the discussion, we propose the following points. 
Proposal 1: in LTE, TDD UL/DL configuration can be explicitly configured via RRC signaling to restrict scheduling/HARQ timing for TDM operation. In NR, there is no RRC signaling to be defined. 
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Proposal 2: TDM pattern is introduced in Xn signaling. 
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Proposal 3: either MN or SN can enable TDM operation with a preferred TDM pattern and the other node is allowed to reject it.  
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Proposal 4: 1 bit capability signaling per MR-DC band combination is defined to indicate whether that the UE does not support simultaneous UL transmission between LTE and NR. 
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Proposal 5: Only MR-DC band combinations that are allowed in RAN4 should indicate the 1 bit capability signaling.  
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Proposal 6: 1 bit capability signaling of a MR-DC BC is defined to indicate whether simultaneous uplink transmission is not supported for any difficult BCs pair that is the subset of the MR-DC BC.     
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