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1. Introduction
In last RAN1 Tokyo meeting, [1] depicts independent UL synchronisation adjustment for different UL timeslots considering different optimum channel impulse response position of the user in different UL timeslots. In this contribution, we further investigate both initial UL synchronisation at the time that proposed pattern is activated and also UL synchronisation adjustment during the whole period the proposed pattern activated, so that we can identify the possible problem bringing from frequently changing timeslot sub-frame by sub-frame or frame by frame. 

Note that section 2 is directly written in the format of text proposals into TR 25.888. 
2. UL synchronisation impact of asymmetric pattern and pattern combination scheme 

--------------------------- Start of text proposal ----------------------------- 

6.1.6.4 Impact on UL synchronisation
6.1.6.4.1 Analysis of UL synchronisation impact of asymmetric pattern 

1) UL synchronisation in conventional scheme: 

There are two objectives of uplink synchronisation control (ULSC): 

The first priority objective is to keep the channel impulse response of every user inside the channel estimation window. Otherwise the channel impulse responses spill over the adjacent channel estimation windows and a lot of interference is introduced in the detection process. [5] The second objective is to synchronize the strongest channel impulse response path (main path) of the users in the same UL timeslots to a time slot specific reference timing. 

The Node B can set different reference timings on different UL time slots. Different users in the same timeslots may have different ULSC target considering the scenario when the first objective and the second objective can not meet at the same time. For an example, those users whose channel impulse response are inside the channel estimation window can be set of ULSC target to align the position of the strongest channel impulse response tap with the time slot specific reference timing. While the other users whose channel impulse response spill outside the channel estimation window will have their own ULSC target respectively in order to adjust its channel impulse response into the channel estimation window, at this time, the synchronization of the users is sacrificed for the sake of interference minimization. [5] Refer to Fig.1. 
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Fig. 1. UL synchronisation in conventional scheme 

Uplink synchronization control can be implemented as slow uplink synchronization control, which is aligning the average channel impulse responses and fast uplink synchronization control which is aligning the instantaneous channel impulse responses. [3]

During uplink synchronisation in current 1.28Mcps TDD specification, the SS is utilised to command a timing adjustment by (k/8) Tc each M sub-frames, where Tc is the chip period. The k and M values are signaled by the network. The SS, as one of L1 signals, is to be transmitted once per 5ms sub-frame. 

2) Initial UL synchronisation at the time asymmetric pattern activated: 

During the first frame asymmetric pattern is activated, inter-RAT measurement user will change timeslot from the original one to TS1 in the first sub-frame and TS3 in the second sub-frame. This action is very similar with channel reconfiguration procedure during the initial time the first frame it is activated. Reference timing for ULSC may be different of different timeslots within the UE, with maximum difference 3 chips by all UEs. During the first frame UL time slot is changed, the user may not be synchronised with the other users in the new timeslot, but it can be adjusted during the following UL synchronisation adjustment during all the time asymmetric pattern activated. The detail procedure is depicted in the next part 3). 

3) UL synchronisation adjustment during asymmetric pattern activation time: 

Even though only 1 UL timeslot exists in one sub-frame for asymmetric pattern, two different UL timeslots exist in one frame. So during the asymmetric pattern activation time, the UL synchronisation adjustment is similar with multiple timeslot case in conventional scheme in which individual ULSC of different timeslot is used. This means TS1 in even sub-frame and TS3 in odd sub-frame use individual ULSC command, and also in slow UL synchronisation procedure, average channel impulse response is calculated separately for TS1 and TS3 as Fig.2. UE #1 is assumed to be the user using asymmetric pattern. Average channel impulse response of TS1 is calculated by the result of channel impulse response in TS1 of every frame, and similar of TS3. 
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Fig. 2 UL synchronisation adjustment during asymmetric pattern activated

Through this kind of UL synchronisation adjustment, the user using asymmetric pattern will be synchronised with the other users in TS1 and the other users in TS3 separately. 

Although ULSC in asymmetric pattern is similar with multiple timeslot case from independent control point of view, still there exist 2 difference between them: one is synchronisation delay, and the other is the number of users in TS1 (or TS4) are changed sub-frame by sub-frame because of the user using asymmetric pattern appearing in one sub-frame and disappearing in the other sub-frame. 

Table 1 compares UL synchronisation delay and synchronisation rate for asymmetric pattern and conventional scheme. 

Table 1. Comparison of UL sync delay and UL sync rate for asymmetric pattern and conventional scheme

	
	Asymmetric pattern
	Conventional scheme

	UL sync delay
	Two sub-frames
	One sub-frame

	UL sync rate
	Once per sub-frame
	Once per sub-frame


Note that the delay is calculated from the time of estimation of UL timeslot timing in order for generating SS command to the time of UL synchronisation adjustment after receiving this SS command.
4) Association between SS commands and controlled UL timeslot for asymmetric pattern

In section 6.2.2.3 in TS25.221, the association of SS symbols and controlled UL timeslots is described for conventional symmetric pattern, which is not fit for the proposed asymmetric pattern. Association between SS commands and controlled UL timeslot for asymmetric pattern can be newly defined as following: SS generating and SS transmitted in DL TS #4 in frame # i based on the timing estimation of UL TS #1 in frame # i can be used to control UL timing of TS#1 in frame # i+1, and SS transmitted in DL TS #0 in frame # i+1 based on the estimation of UL TS #3 in frame # i can be used to control UL timing of TS#3 in frame # i+1. Refer to Figure 3. 
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Figure 3. SS generating and transmitting for asymmetric pattern in 1.28Mcps TDD
6.1.6.4.2 Analysis of UL synchronisation impact of pattern combination scheme

Similar analysis as asymmetric pattern can be applied for pattern combination scheme with timeslot changing frame by frame. 

TS1 in even frames and TS3 in odd frames use individual ULSC command, and also in slow UL synchronisation procedure, average channel impulse response is calculated separately for TS1 and TS3. Average channel impulse response of TS1 is calculated by the result of channel impulse response in TS1 of every two frames, and similar of TS3. 

Similar association between SS commands and controlled UL timeslot can be defined for pattern combination scheme as for asymmetric pattern. Table2 compares UL synchronisation delay and UL synchronisation rate for pattern combination scheme and conventional scheme. 

Table 2. Comparison of UL sync delay and UL sync rate for pattern combination scheme and conventional scheme

	
	Pattern combination scheme
	Conventional scheme

	UL sync delay 
	50% UL timeslots: one sub-frame

50% UL timeslots: three sub-frames
	One sub-frame

	UL sync rate 
	Once per sub-frame
	Once per sub-frame


6.1.6.4.3 Analysis of UL synchronisation impact of special case in conventional scheme

Special case is one kind of conventional scheme, and the current association of SS commands and controlled UL timeslots can be still used. But UL TS3 and DL TS4 are so closed, if the processing time isn’t enough for generating SS command based on UL timing estimation of TS3, and transmitting in the DL TS4 in the same sub-frame, UL synchronisation delay will increase from one sub-frame to one frame. 
6.1.6.4.4 Complexity analysis with new association used for asymmetric pattern or pattern combination scheme 

If asymmetric pattern/pattern combination scheme is supported, both additional new association for asymmetric pattern/pattern combination scheme and original association in current specification should be supported in Node B and UE. The original association is used in normal case, and the additional new association is used only when asymmetric pattern or pattern combination of timeslot allocation is activated. Only software complexity will be increased for the reason of additional association supported.
6.1.6.4.5 Conclusion remark 

Through the analysis from subsection 6.1.6.4.1 to 6.1.6.4.4, during the initial time asymmetric pattern is activated, the action of inter-RAT measurement user is similar with that of the channel reconfiguration procedure during initial time. The user may be not synchronised with the other users in the new timeslot in the first frame, but this can be adjusted in the following frames. During UL synchronisation adjustment of asymmetric pattern, the action is similar with multiple timeslot case. Individual ULSC command are used for TS1 and TS3 considering different situation in different timeslots and also the possible different reference timing in different timeslots. Through this kind of UL synchronisation adjustment, the user using asymmetric pattern will be synchronised with the other users in TS1 and the other users in TS3 separately.

Besides that, two points are point out as difference compared to the conventional scheme: first is the increase of UL synchronisation delay by one sub-frame; second is the number of users in TS1 (or TS4) are changed sub-frame by sub-frame because of the user using asymmetric pattern appearing in one sub-frame and disappearing in the other sub-frame. 

Similar conclusion can be applied for pattern combination scheme. 

--------------------------- End of text proposal -----------------------------
3. Conclusion 

In this contribution, asymmetric pattern and pattern combination scheme impact on uplink synchronisation is further analyzed. Section 2 is proposed to be put into TR25.888 section 6.1.6.4: Impact on UL synchronisation.
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