3GPP TSG-RAN WG4 Meeting #76














              R4-154785
Beijing, China, 24 – 28 Aug, 2015
Title: 
Discussion on requirement of UL transmit timing difference in DC enhancement
Source: 
Huawei, HiSilicon
Agenda item:
7.9.3.3
Document for:
Discussion
1. Introduction

In last RAN4 #75 meeting, requirements of uplink transmission timing difference between MCG and SCG have been discussed. Finally, the following agreements were approved:
Agreements on UL transmission timing requirements

1. RAN4 defines maximum UL transmission timing difference between corresponding subframe pairs of MCG and SCG for synchronous mode of dual connectivity as 35.21µs for TDD-TDD and FDD-FDD deployments.

2. RAN4 defines maximum UL transmission timing difference between corresponding subframe pairs of MCG and SCG for asynchronous mode of dual connectivity as 502.21µs for FDD-FDD deployments.

The term xDD-yDD refers to dual connectivity when xDD carrier is used in one CG, while yDD carrier is used in another CG.

The above maximum UL transmission timing differences for synchronous and asynchronous modes are related to maximum receive timing difference of 33µs and 500µs, respectively for synchronous and asynchronous mode of dual connectivity.
However, it could be seen in agreements above that the uplink transmission timing requirements are still incomplete since the requirements for TDD-FDD DC has not been defined yet, considering there is indeed TDD-FDD deployment in release 13 dual connectivity. Moreover, another issue has been discussed in previous meetings to how to handle the error case when the uplink transmission timing difference between CGs exceeds the maximum value. But the conclusion has not yet been made. This contribution is going to discuss the missing part of the requirements and provide our proposals.

2. Discussion
It is natural to discuss the maximum uplink transmission timing difference in dual connectivity base on methodology [1] which was utilized for deriving similar requirements for CA. As it was agreed in last meeting that for synchronous dual connectivity, the maximum value of timing difference can be calculated by the following factors:

· Factors involved for calculation:

· Factor (1): Propagation delay difference → 30μs

· Factor (2): Initial transmission timing error → ±24Ts
· Factor (3): Uncertainty of the reception time in the UE downlink → ±10Ts
· Factor (4): eNB time alignment error (TAE) → 3μs

· UL time difference between CGs: (1) + 2×[(2) + (3)] + (4) = 35.21μs

Note that the timing difference between CGs above applies for TDD-TDD and FDD-FDD dual connectivity. For TDD-FDD deployment dual connectivity, extra 20us could be expected due to TDD initial offset. 

This conclusion is based on the approved LS [2] out to RAN2, in which the analysis of TDD-FDD CA maximum uplink timing difference was provided. As it was pointed out in [2], a typical case is a macro TDD and a RRH FDD non colocated case. If the relative downlink timing difference is already 30µs due to propagation delay difference, then adding 20 µs of NTA offset and tolerances would result in extra 20us Tx point difference for the UE. 

Take the analogy for dual connectivity, similar with non collocated CA deployment outlined in TS36.300 annex J case 4, if the relative downlink timing difference between MCG and SCG is already 30µs due to propagation delay difference, then adding 20 µs of NTA offset and tolerances would result in extra 20us Tx point difference for the UE. Hence the following factor should be taken into account when discussing maximum uplink transmission between MCG and SCG in TDD-FDD synchronous dual connectivity:

· Factor (5): TDD initial offset in TDD-FDD deployment → 20μs
So we propose:
Proposal 1: Maximum uplink transmission timing difference between CGs for TDD-FDD dual connectivity synchronous scenario is 55.21us

Another issue has been widely discussed is about the UE behaviour when the maximum uplink transmission timing difference is exceeded. One of the solutions proposed in previous meetings is allowing UE to stop SCG transmission. Similar solution can be found in CA scenario: 

A UE configured with pTAG and sTAG may stop transmitting on the SCell if after timing adjusting due to received TA command the uplink transmission timing difference between PCell and SCell exceeds the maximum value the UE can handle as specified above.

The maximum value mentioned above in CA scenario is 32.47us. However, the situation we facing in dual connectivity is different from CA scenario. In CA scenario, PCell and SCell are in the same eNB. Once UE stop transmitting on SCell eNB could somehow have the knowledge. For example, without any uplink feedback on SCell for a certain period, network may assume that UE has dropped SCell. Then eNB could deactivate the SCell and/or configure another SCell for the UE. 

Meanwhile, the situation is quite different in dual connectivity scenario. E-UTRAN user plane for dual connectivity is defined in TS36.300, which is informatively provided as:

Different bearer options can be configured with different user plane architectures. U-plane connectivity depends on the bearer option configured:

-
For MCG bearers, the S1-U connection for the corresponding bearer(s) to the S-GW is terminated in the MeNB. The SeNB is not involved in the transport of user plane data for this type of bearer(s) over the Uu.

-
For split bearers, the S1-U connection to the S-GW is terminated in the MeNB. PDCP data is transferred between the MeNB and the SeNB via X2-U. The SeNB and MeNB are involved in transmitting data of this bearer type over the Uu.

-
For SCG bearers, the SeNB is directly connected with the S-GW via S1-U. The MeNB is not involved in the transport of user plane data for this type of bearer(s) over the Uu.
For the last case, the MeNB is not involved in the transport of user plane over the Uu. This means that the communication between UE and SeNB is independent. The consequence is that if UE stops the uplink transmission on SCG, MeNB would not have this knowledge. Unlike CA scenario, MeNB would not be able to change PSCell (SeNB) for the UE in time. In this situation, the consequence by stopping transmission on SeNB is not predictable.
If the error case has to be handled, more study would be needed to let the network have the full knowledge about the UE behaviour. 

So we propose:
Proposal 2: More study would be needed to let the network have the full knowledge about the UE behaviour when the maximum uplink transmission timing difference between CGs is exceeded.

A tentative solution is that once the maximum value of the TX timing difference is reached, UE would indicate network with this information. Then network could fix it by certain operation, e.g. change PSCell for the UE.
3. Conclusions

In this contribution, we provide further discussion on the maximum uplink transmission timing difference between CGs in dual connectivity. Furthermore, we also provide discussion on UE behavior once the maximum value is exceeded. After that, the following proposals are provided:

Proposal 1: Maximum uplink transmission timing difference between CGs for TDD-FDD dual connectivity synchronous scenario is 55.21us

Proposal 2: More study would be needed to let the network have the full knowledge about the UE behaviour when the maximum uplink transmission timing difference between CGs is exceeded.
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