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1 Introduction
In this contribution, we discuss the remaining issues related to UL power sharing and timing advance aspects for NR-LTE co-existence and share our views.  
2. Discussion
2.1 Power control for EN-DC option 3  
For a UE capable of dynamic power sharing, an equal A-MPR definition was agreed by RAN4 for Intra-band contiguous EN-DC, which requires the knowledge of the parallel NR and LTE transmissions [1]. Due to NR scheduling timeline can be significantly faster than LTE, this requirement of joint calculating A-MRP for NR and LTE may be difficult for some UE’s LTE modems to meet. Furthermore, it can lead to phase discontinuity issue for LTE transmissions in case when NR partially overlaps with LTE transmissions and results in performance degration. Hence, some kind of relaxations can be considered for these cases. 

First, we see that it would be important to keep the current RAN4 equal A-MPR definition.With this assumption,to solve the timeline problem identified above in RAN1, one way is to allow UE to scale down or even drop NR transmission (e.g. in case a large A-MPR value) in some cases that UE does not get NR scheduling in a timely manner to calculate LTE power, e.g. if the timing difference between NR and LTE scheduling is larger than a threshold. More specifically, this threshold can be signaled by UE capability if possible, which can assist network to choose between TDMed LTE and NR or defer NR scheduling timeline so as to ensure the LTE/NR coverage. 
Proposal 1: 

· For dynamic power sharing of EN-DC, UE is allowed to scale down or even drop NR if the timing difference between LTE and NR exceeds a threshold. 
2.2 Power sharing for EN-DC option 4

In the RAN1 #94bis meeting, it was agreed to support different maximum transmit powers in different subframes for LTE in NR architecture option 4 but the details how to achieve it remains FFS [2]:   

	Agreement:
For NE-DC dynamic power sharing, different maximum transmit power for LTE in subframes where there is a possible overlap and there is not an overlap with NR UL symbol(s) is supported.

· Note: Whether there is a possible overlap or not between LTE and NR UL is assumed to be known on a semi-static basis.

· Note: LTE power is not assumed to vary in a subframe

· FFS: Option 1a, 1b below or some combination of these

· Options 1.5, 2 and 3 below as well as other enhancements to option 1a and 1b can be further discussed

Option 1a:

· For NE-DC dynamic power sharing, the following are specified:

· UE is configured with p_LTE for LTE, r(<=1), and with p_NR for NR

· For an LTE subframe that overlaps with any possible NR UL symbol(s), set LTE power limit Pcmax<=p_LTE*r; otherwise, set power LTE limit Pcmax<=p_LTE.

· A possible NR UL symbol is identified as an NR symbol configured as flexible or UL based on cell-specific or UE-specific (if configured) tdd_UL_DL_Configuration_Common /dedicated.

· The remaining power up to p_NR is allocated to NR by setting NR power limit as Pcmax<= min(p_NR, p_total-p_lte_actual) where p_lte_actual is the power allocated to LTE.

· Implications:

· MCG power is scaled

· Pcmax for LTE power control needs to be modified

Option 1b:

· For NE-DC dynamic power sharing, the following are specified:

· UE is configured with p_LTE for LTE, and with p_NR for NR

· For an LTE subframe that overlaps with any possible NR UL symbol(s), set LTE power limit Pcmax<=p_LTE; otherwise, set power LTE limit to Pcmax (p_LTE not considered).

· A possible NR UL symbol is identified as an NR symbol configured as flexible or UL based on cell-specific or UE-specific (if configured) tdd_UL_DL_Configuration_Common/dedicated.

· The remaining power up to p_NR is allocated to NR by setting NR power limit as Pcmax<= min(p_NR, p_total-p_lte_actual) where p_lte_actual is the power allocated to LTE.

· Implications:

· MCG power is scaled

· P_cmax for LTE power control needs to be modified and possibly other restrictions

· No capability to keep power same across all subframes if p_LTE is less than Pcmax.

Option 1.5:

· For NE-DC dynamic power sharing, the following are specified:

· UE is configured with p_LTE for LTE, and with p_NR for NR

· Set LTE power limit Pcmax=p_LTE; 

· The remaining power up to p_NR is allocated to NR by setting NR power limit as Pcmax= min(p_NR, p_total-p_lte_actual) where p_lte_actual is the power allocated to LTE.

· Implications:

· MCG power is scaled

· P_cmax for LTE power control needs to be modified

· LTE power is always limited regardless of overlapped subframes or not

Option 2:

Fast LTE power adjustment as fast as NR for NE-DC with an associated UE capability with the following implications is supported

· PHR for LTE is not adjusted based on this fast power adjustment

· HARQ processing timeline is not changed, and therefore grant can be sent based on a different power assumption than is true for the actual transmission

· LTE will have the same power during a subframe or the subframe will be dropped

· LTE will have potentially significant number of subframes dropped for asynchronous NE-DC

· There is significant impact to the LTE power control procedure

Option 3:

· The threshold on the time difference from the end of the last symbol of NR PDCCH carrying NR UL scheduling to the start of the first overlapping LTE UL above which UE can scale LTE power is reported by the UE from the following candidate values:

· N2 NR symbols

· (2(*14*[1](3) NR symbols (corresponding to ~[1] ms time difference)

· (2(*14*3(3)  NR symbols (corresponding to ~3 ms time difference)

Where (=0/1/2 for 15/30/60 kHz SCS, respectively

· Note: 3ms is the scheduling delay for LTE sTTI

· Implications:

· PHR for LTE is not adjusted based on this fast power adjustment

· HARQ processing timeline is not changed, and therefore grant can be sent based on a different power assumption than is true for the actual transmission

· There is significant impact to the LTE power control procedure




Dynamic power sharing mechanism has been introduced for EN-DC architecture Option 3 based on two different parameters P_LTE and P_NR. Those parameters were defined and set separately by RRC, which served as the maximum allowed transmission power for LTE and NR. This framework does not require UE to check the actual transmission power on NR when determining the transmission power of LTE as long as not exceeding P_LTE. In our view, reusing the exsiting P_LTE and P_NR function for NE-DC is benefitial at this late NR stage to reduce standardization/ implementation/test efforts. We therefore propose to adopt Option 1a i.e. scaling down the LTE transmission power to ensure a minimum ‘reserved’ power for NR to maintain RRC connection in power limited case. It should be noted that the actual NR transmission power is still dynamically adapting based on the actual parallel LTE transmission power in a subframe.     
Proposal 2
· For NR architecture option 4, reusing the exsiting P_LTE and P_NR defined for EN-DC option 3 and scaling down the maximum allowed transmission power for LTE based on a scaling factor.  
2.3 Handling of Multiple TA for synchronous intra-band MR-DC

The following is the latest RAN4 specification on minimum requirements transmission timing difference by the UE for intra-band EN-DC.
	Table 7.5.2-1 Maximum uplink transmission timing difference requirement for asynchronous EN-DC
Sub-carrier spacing in E-UTRA PCell (kHz)

UL Sub-carrier spacing for data in PSCell (kHz)

Maximum uplink transmission timing difference (µs)

15

15

500

15

30

250

15

60

125

15

120Note1
62.5

NOTE 1:
For E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC, 120kHz is not applied.
7.5.3
Minimum Requirements for intra-band EN-DC

For intra-band EN-DC, only collocated deployment is applied.
The UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and PSCell as shown in Table 7.5.2-1 provided the UE indicates that it is capable of asynchronous EN-DC  [16]. The requirements for asynchronous EN-DC are applicable for E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band asynchronous EN-DC.
No requirement on maximum uplink transmission timing difference is applicable for synchronous EN-DC.


For the synchronous intra-band EN-DC scenario, there is no requirement on the maximum uplink transmission timing difference that can be apply to the UE and therefore only single transmission time is applicable. In effect, this means zero torrelance for the uplink transmission time difference is applicable for the UE.

RAN4 also defines transmission timing error in section 7.1.2 of  TS38.133, which is in the order of 8 to 12 samples (i.e. [8 ~ 12]*64*Tc). It should be noted that this transmission timing error does not mean that the UE is able to handle this much transmission timing difference, but rather represent the error of the actual transmission timing.

Any solutions developed by RAN1 needs to factor into account the current RAN4 specifications on the timing difference that the UE can handle as mentioned as above. There are two solutions that was discussed in the previous RAN1 meeting to resolve the single transmission timing issue for synchronous intra-band MR-DC.

	Option 1) Allow independent signaling of TA for LTE and NR in synchronous intra-band MR-DC. UE is able to support different transmission timing for LTE and NR as long as the the timing difference is smaller than Tmax, where Tmax is the maximum transmission timing difference the UE can support. In case, the TA provided for LTE and NR exceed the timing difference of Tmax, it is up to UE to select any timing between the transmission timing for LTE and transmission timing of NR for transmission of LTE and NR signals. 

Option 2) The network may signal TA for LTE and NR independently, however in case the transmission timing for LTE and NR are determined to be different, the UE uses the transmission timing of the LTE for all LTE and NR signals.


Based on RAN4 requirement on the maximum transmission tiing difference in intra-band EN-DC, the Tmax value in option 1 must be able to support 0. Otherwise, we may need to introduce a new UE capability that indicate to the network that UE is able to handle non-zero valued Tmax for synchronous intra-band MR-DC.

Assuming that the Tmax = 0, the only difference between option 1 and 2 is the associated UE behavior when the transmission timing provided by LTE and NR are different. Option 1 leave it to UE implementation and option 2 defines that UE always follow the LTE timing.

Among the two options, we prefer option 2 as it create a uniform behavior among all UEs. However, we would also be open to option 1 assuming that Tmax is always equal to 0.

Proposal 3
· Down-select among option 1 and option 2 described below. Among two options Intel’s preference is option 2.

· Option 1) Allow independent signaling of TA for LTE and NR in synchronous intra-band MR-DC. In case, the transmission timing of LTE and NR are determined to be different, it is up to UE to select any timing between the transmission timing for LTE and transmission timing of NR for transmission of LTE and NR signals. 

· Option 2) Allow independent signaling of TA for LTE and NR in synchronous intra-band MR-DC. In case, the transmission timing of LTE and NR are determined to be different, the UE uses the transmission timing of the LTE for NR signals (as well as LTE signals).
3. Conclusion 
In this contribution, we have discussed the. Based on the discussion we have the following proposals:  
Proposal 1: 

· For dynamic power sharing of EN-DC, UE is allowed to scale down or even drop NR if the timing difference between LTE and NR exceeds a threshold. 

· Discuss the possibility to introduce a separate UE capability to indicate the threshold.  

Proposal 2
· For NR architecture option 4, reusing the exsiting P_LTE and P_NR defined for EN-DC option 3 and scaling down the maximum allowed transmission power for LTE based on a scaling factor.  
Proposal 3
· Down-select among option 1 and option 2 described below. Among two options Intel’s preference is option 2.

· Option 1) Allow independent signaling of TA for LTE and NR in synchronous intra-band MR-DC. In case, the transmission timing of LTE and NR are determined to be different, it is up to UE to select any timing between the transmission timing for LTE and transmission timing of NR for transmission of LTE and NR signals. 

· Option 2) Allow independent signaling of TA for LTE and NR in synchronous intra-band MR-DC. In case, the transmission timing of LTE and NR are determined to be different, the UE uses the transmission timing of the LTE for NR signals (as well as LTE signals).
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