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Introduction
We discussion the general procedure of DL and UL based mobility in [1] as well as the channels needed to support those operations [2][3][4]. In this contribution we consider two categories of PUMICH designs, i.e., payload-based and payload-less, and provide designs for each category and evaluate their zone and cell capacity. 
We will show that a payload-based PUMICH design can have a cell-capacity of 546 UE’s per cell and a zone capacity proportional to the number of TRP’s in the zone, i.e., 270K assuming 500 TRP’s in the zone. We show that the capacity of a payload-less PUMICH scheme could be 420K UE’s per zone. It is important to note that, in general payload based solution offers for resilience to the potential false alarm due to the fact that payload is CRC protected. We also demonstrate a general approach for designing a payload-less PUMICH design that can strike a zone vs. cell capacity balance.
PUMICH Resource Allocation
Before evaluating the capacity of any specific PUMICH design, one needs to specify the amount of system resources allocated for this purpose. In this contribution we assume that 4% of total system resources is dedicated to PUMICH. This is roughly the same percentage as that allocated to PRACH in an LTE deployment with 20MHz system bandwidth and PRACH configuration index 14, where 1MHz of bandwidth is allocated to PRACH on every subframe.
It is further assumed that the NR deployment has 80MHz system bandwidth, 5MHz PUMICH bandwidth, PUMICH slot duration of 500 microseconds, and a DRX-cycle of 1.28 seconds. Under these assumptions there are around 1.6K PUMICH occasions per DRX cycle for UE’s to utilize. This data is summarized in Table 1.
[bookmark: _Ref465938425]Table 1: PUMICH resource allocation and resulting number of PUMICH occasions per DRX cycle
	Total System BW
	80 MHz

	PUMICH BW
	5 MHz

	Subframe duration
	500 us

	DRX cycle
	1.28 sec

	Sys. resources allocated to PUMICH
	4%

	PUMICH occasions per DRX cycle
	1640




Capacity for Payload-based PUMICH
In this section we evaluate the capacity of a payload-based PUMICH design where the preamble and payload are sent over the first and second RACH symbols as illustrated in Figure 1, respectively. The preamble consists of two ZC RACH sequences drawn randomly from a pool of 64. The payload consists of a 28 bits information and 12 bit CRC, for a total payload size of 40 bits. Figure 1 shows details of this design. To determine the capacity of this scheme two capacity limiting factors should be considered: preamble collision and payload detection.


[bookmark: _Ref465935553]Figure 1: Payload-based PUMICH

Payload-based PUMICH Capacity with regards to Preamble Collision
To decode the RACH message, the TRP needs to receive at least one of the RACH sequences sent as part of the preamble free of collision. This way, the collision-free RACH sequence can be used as DM-RS for decoding the RACH message. Targeting less than 1% double-collisions requires the collision rate for each of the two RACH sequences not to exceed 10%. It is important to note that the CRC of the payload can be used to reduce the false alarm or to confirm the RACH sequence detection. For a pool-size of 64, this translates to 7 interfering UE’s sending PUMICH ( (1-1/64)^6=0.91). Assume that this approach also achieve the spatial reuse automatically, we assume he UE’s in the 1st-tier neighbours of a TRP interfere, this means that at most 7/21 UE’s per TRP can utilize the same PUMICH occasion. Since there are 1.6K such PUMICH occasions per DRX cycle, then preamble collision sets a limit of 546 UE’s per TRP on PUMICH capacity. 
Payload-based PUMICH Capacity with regards to Payload Detection
Figure 1 depicts the overall PRACH detection error rates for ETU and EPA with 1Tx antenna at the UE and 8 Rx antennas at the TRP. The PRACH detection error includes RACH sequence misdetection as well as payload decoding error, but excludes RACH sequence double-collisions. As can be seen, a long-term SINR of -13 dB is adequate for getting a 1% payload detection error rate. Assuming the TRP experiences a RoT (i.e., rise-over-thermal) and IoT (i.e., interference-over-thermal) of 3dB each, this translates to 7 UE’s sending PUMICH per TRP. To factor in up-swings and down-swings, we assume that on average 1 UE per TRP utilize each PUMICH occasion. Since there are 1.6K such PUMICH occasions per DRX cycle, then payload detection sets a limit of 1640 UE’s per TRP on PUMICH capacity.
[image: ]
Figure 2: payload-based PUMICH message detection link curves
Overall Capacity
The overall capacity is the minimum of the two capacities, i.e., for a PUMICH miss of less than 1%, a TRP can support at most 546 UE’s. For this scheme, zone capacity grows linearly with number of TRPs, if there are 500 TRPs per zone, then zone capacity is 270K.
Payload-less PUMICH
In this section we evaluate the capacity of a payload-less PUMICH design where each PUMICH signature, assigned by the network, consists of 4 ZC RACH sequences sent over the two RACH symbols in the UL-centric subframe (see Figure 3). If we assume a pool of 64 such RACH sequences, then there are 16.8M (= 64*64*64*64) such combinations, however, the network only uses a small subset of all possible combinations as valid PUMICH signatures. The introduced redundancy allows the TRP to resolve UE’s by trying different combinations of detected RACH sequences and rejecting those that do not result in a valid PUMICH signature. 


[bookmark: _Ref465947521]Figure 3: Payload-less PUMICH
A straight forward approach for constructing the set of valid PUMICH signatures is to assign each user one of the 64 RACH sequences, to be sent over one of the 4 RACH sequences. This results creation of 256 (= 64*4) orthogonal PUMICH signatures per PUMICH occasion. Since there are 1.6K PUMICH occasions per DRX cycle, this results in a capacity of 420K UE’s per zone. Given that PUMICH signatures are (almost) orthogonal, it is possible for thousands of UE’s to PUMICH per TRP.
This scheme can be served as baseline for the first order capacity analysis. A more general approach for constructing the set of valid PUMICH signatures is to use an underlying binary block code to prune the set of all possible combinations. More specifically, with a RACH sequence pool size of 64 and 4 RACH sequences per PUMICH, each signature is uniquely identified by 24 bits. As a result a binary block code (24, k) identifies the 2^k valid PUMICH signatures. Clearly, a larger k provides larger number of PUMICH signatures, hence larger zone-capacity. On the other hand, smaller k increases the chances of TRP in resolving UE’s as fewer possible RACH sequence combinations are indeed valid, hence increasing cell-capacity. In other words the code rate provides a mechanism for trading zone-capacity for cell-capacity, facilitating striking a good balance. Note that the payload-less PUMICH with orthogonal design given earlier can be viewed as a special case with k = 8.
Conclusion
In this contribution we considered both, payload-based and payload-less PUMICH designs and evaluated zone and cell capacity for each of them. We showed that a payload-based PUMICH design can have a cell-capacity of 546 UE’s per cell and a zone capacity proportional to the number of TRP’s in the zone, i.e., 270K assuming 500 TRP’s in the zone. We showed that with 8 Rx antennas at the TRP, the capacity of the scheme is dominated by preamble collision. We also showed that the capacity of a simple payload-less PUMICH scheme could be 420K UE’s per zone.
Observation: PUMICH can be designed to support large number of UEs per zone (270k-420k) for UL based mobility
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